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FOREWORD 


The  facility  design  effort  reported  here  was  performed  under  contract  DAAL02-90- 
C-0037  to  assist  in  the  development  of  a  Throat  Valve  Experimental  Facility. 
Related  design  and  installation  activities  were  performed  under  contract  DAAA1 5- 
87-C-0096  to  support  the  design  and  implementation  of  a  Pebble  Bed  Heater  to 
fill  the  1/6th  Scale  Test  Bed  driver.  The  civil  and  mechanical  engineering  design 
work  of  consultant  Dr.  Jerome  Burns  is  gratefully  acknowledged. 
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1.  INTRODUCTION 


As  part  of  an  ongoing  effort  to  improve  nuclear  blast  simulation  techniques, 
the  US  Army  Research  Laboratory  (ARL)  has  been  studying  the  use  of 
computer  controlled  throat  valves  to  replace  conventional  diaphragms  used 
in  shock  tubes.  Diaphragms  are  consumed  In  testing  and  are  costly  and 
difficult  to  mount  In  large  sizes.  Throat  valves  would  be  reusable,  easy  to 
set  up  and  operate  and  have  the  potential  for  eliminating  the  requirement  for 
heating  the  driver  gas  to  achieve  high  fidelity  nuclear  waveforms. 

Throat  valve  studies  and  related  research  efforts  have  been  aimed  at 
providing  the  Defense  Department  with  the  capacity  to  conduct  nuclear  blast 
and  thermal  survivability  testing  on  full  scale  tactical  vehicles  in  the  Large 
Blast/Thermai  Simulator  being  built  In  White  Sands,  New  Mexico.  In  support 
of  this  objective,  a  1/6th  Scale  Test  Bed  (Test  Bed)  has  been  assembled  as 
a  technology  demonstrator  and  Is  currently  undergoing  characterization 
testing  at  Aberdeen  Proving  Ground.  Both  the  LB/TS  and  the  Test  Bed 
employ  heated  nitrogen  driver  gas  with  double  diaphragms  to  produce 
nuclear  weapon  waveforms  in  the  expansion  tubes.  Heated  driver  gas  is 
required  to  remove  a  density  (and  therefore,  dynamic  pressure)  discontinuity 
at  the  Interface  between  the  driver  and  driven  gas.  Controlled  metering  of 
ambient  temperature  driver  gas  has  been  shown  by  computation  to  achieve 
the  same  effect.  If  throat  valves  prove  successful,  considerable  cost  savings 
will  be  realized  and  test  preparation  time  reduced. 

A  Throat  Valve  Experimental  Facility  (TVEF)  is  planned  to  develop  the 
computer  controlled  throat  valves  without  interfering  with  ongoing  Test  Bed 
technology  development  research.  The  TVEF  Is  to  be  located  on  Spesutie 
Island,  Aberdeen  Proving  Grounds  in  the  immediate  vicinity  of  the  Test  Bed 
and  will  make  maximum  use  of  existing  equipment  including  the  Test  Bed 
driver  gas  supply  system. 

Section  2  provides  background  information  including  design  requirements. 
Section  3  summarizes  the  concept  design  trade  studies  performed  and  the 
selection  of  the  baseline  facility  configuration.  A  preliminary  facility  design 
Is  presented  in  Section  4  and  Section  5  provides  a  cost  estimate  for  the 
remaining  design  work  and  the  facility  fabrication  and  Installation.  Section 
6  summarizes  the  study  results  and  Section  7  lists  the  references. 
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2.  BACKGROUND 


This  section  provides  a  general  description  of  the  TVEF,  the  requirements 
upon  which  the  designs  were  based  and  a  summary  of  the  soil  properties  at 
the  Spesutie  Island  site. 

2.1  TVEF  Description 

The  TVEF  consists  of  a  pressure  vessel  called  a  shock  tube  driver,  an 
expansion  tube,  a  reinforced  concrete  pad  to  support  the  driver  and 
expansion  tube  and  react  the  axial  load  when  the  throat  valve  is  tested,  a 
heated  gas  supply  system  and  an  Instrumentation  and  control  system. 

The  TVEF  driver  is  being  adapted  from  hardware  available  through  a 
previous  BRL  project  (Figure  1).  The  3.66  m  (144  in)  long  driver  was  formed 
of  three  identical  sections.  A  0.36  m  (29.5  in)  diameter  1500  lb  weld  neck 
flange  is  welded  to  each  end  of  a  0.61  m  (24  in)  long  tube  with  a  0.29  m 
(1 1.5  in)  I.D.  and  a  0.032  m  (1.25  in)  wall  thickness.  The  three  sections  are 
each  bolted  together  with  sixteen  2  1/4  inch  bolts.  The  upstream  end  of  the 
driver  is  closed  by  a  0.36  m  diameter  1500  lb  blind  flange.  The  interior 
volume  of  the  driver  Is  0.25  m^  (15000  in^)  and  the  wall  area  Is  3.37  m^ 
(5200  in^). 

An  existing  expansion  tube  is  a  welded  steel  pipe  30.5  m  (100  ft)  long  with 
a  0.76  m  (30  in)  I.D.  and  a  0.0035  m  (0.137  in)  thick  wall.  The  tube  is 
presently  cut  into  four  sections  and  is  badly  rusted. 

The  Test  Bed  driver  is  pressurized  with  heated  gas  by  a  unique  SPARTA 
designed  and  installed  gas  supply  system  (c.f.,  Figure  2).  A  constant 
volume  cryogenic  pump  supplies  up  to  1.6  kg  (32  GPM)  of  Liquid 

Nitrogen  (LN2)  at  a  constant  flow  rate  Independent  of  backpressure;  lower 
flow  rates  are  achieved  by  venting  part  of  the  LNg  after  it  leaves  the  pump. 
The  LNg  Is  vaporized  and  heated  in  a  single  pass  through  an  electrically 
preheated  Pebble  Bed  Heater  (PBH).  A  remotely  controlled  LNg  bypass 
system  provides  positive  control  of  the  PBH  outlet  gas  temperature  by 
mixing  selected  amounts  of  LNg  with  the  heated  nitrogen  gas.  The  PBH 
mixer  is  designed  for  a  maximum  metal  temperature  of  670  °K  (750  ®F)  and 
a  maximum  pressure  of  153  atmospheres  (2250  psig). 
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Figure  1 .  Existing  Driver  Section 


PRIMARY  INLET 
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FIGURE  2.  Pebble  Bed  Heater  Schematic  -  Not  the  1/6th  Scale  Design 


Three  phase  460  volt  power  is  available  at  the  PBH  and  110  volt  power  Is 
available  throughout  the  test  site.  Space  is  available  in  the  Test  Bed  control 
bunker  to  locate  a  Data  Acquisition  and  Control  System.  An  oxygen 
depletion  alarm  system  is  inplace  along  with  portable  oxygen  systems  to 
prevent  operator  exposure  to  asphyxiation  should  a  large  nitrogen  gas  cloud 
form. 

2.2  TVER  Design  Requirements 

The  TVEF  must  be  located  so  as  to  not  interfere  with  ongoing  operations. 
Specifically,  a  keep  out  zone  6  m  (20  ft)  long  was  established  at  the  Test 
Bed  diaphragm  area.  The  TVEF  expansion  tube  is  to  be  30.5  m  (100)  feet 
long. 

The  driver  is  required  to  meet  ASME  Division  II  Boiler  Code  standards. 
Safety  is  a  primary  concern  because  people  will  be  exposed  to  high 
pressure,  high  temperature  piping  and  pressure  vessels.  The  control  bunker 
would  afford  only  negligible  protection  if  the  heavy  driver  section  failed. 

The  driver  gas  specifications  are  ambient  to  126  atm  (1850  psi)  pressure 
and  ambient  to  644  °K  (700  °F)  temperature.  Accuracy  requirements  are 
±  5  percent  on  both  temperature  and  pressure.  The  driver  gas  must  be 
heated,  the  driver  filled  and  the  test  conducted  in  a  short  enough  time  that 
the  driver  gas  temperature  does  not  decrease  below  the  design  point  due  to 
convective  heat  transfer  to  the  driver  wall. 

The  driver  design  thrust  was  originally  92,000  lbs.  During  preliminary  design 
this  design  criteria  was  changed  to  400,000  pounds  to  accommodate  future 
expansion.  The  design  crosswind  criterion  is  30  MPH. 

Originally,  the  Army  specified  that  the  fill  tube  installation  be  designed  in 
accordance  with  ANSI  and/or  ASME  Boiler  Code  Division  2  piping  standards. 
With  Army  approval  SPARTA  changed  the  design  to  be  consistent  with 
aircraft/missile  design  standards  because  the  driver  fill  tube  on  the  SPARTA 
pebble-bed  heater  was  designed  in  this  manner.  ASME  Boiler  Code 
materials  properties  were  used  in  the  original  fill  tube  design  and  were  used 
in  the  design  for  the  TVEF.  The  deviation  takes  place  in  the  use  of 
commercial  Swagelock  compression  fittings  in  the  original  8  ft  driver  facility 
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and  the  use  of  commercial  stainless  steel  Parker-Hannafin  flare  fittings  in  the 
TVEF  fill  line.  Swagelock  has  lowered  the  operating  temperature  of  their 
presently  manufactured  fittings  to  a  value  which  is  unsuitable  for  this 
application. 

The  heavy  wall  SAE-4130  steel  tubing  and  stainless  steel  Parker-Hannafin 
flare  type  fittings  can  be  used  to  temperatures  of  1,000°  F.  For 
temperatures  above  1 ,000°  F  at  pressures  of  interest,  SPARTA  believes  that 
the  fill  lines  must  be  redesigned  in  superalloy  and  special  welded/screwed 
fittings  must  be  designed. 

The  maximum  TVEF  fill  temperature  is  presently  structurally  limited  to  750° 
F  by  the  pebble-bed  mixer  and  the  2  inch  diameter  fill  line. 

2.3  Site  Soil  Properties 

The  soil  consists  of  3  feet  of  sandy  clay  or  silt  overlying  sandy  silt  with  the 
water  table  at  3.5  to  5  feet  (Reference  1).  The  coefficient  of  friction  used 
during  original  shock  tube  design  was  0.33  and  a  safety  factor  of  2  was 
recommended  by  the  1966  shock  tube  foundation  design  report  (Reference 
2).  The  maximum  bearing  pressure  is  2600  psf  for  1  inch  settlement  and  a 
safety  factor  of  2  was  recommended  in  the  report. 
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3.  CONCEPT  TRADE  STUDIES 

Design  concepts  were  developed  in  accordance  with  the  design 
requirements  and  trade  studies  were  performed  to  select  viable  approaches. 
Early  design  studies  examined  issues  which  could  be  quickly  resolved  and 
therefore  devote  a  majority  of  the  resources  toward  fruitful  design  activities. 

3.1  Early  Design  Studies 

The  use  of  an  existing  diesel  engine  mount  as  part  of  the  thrust  reaction 
mass  was  quickly  discarded.  Examination  and  calculation  showed  that  its 
use  was  not  feasible  because: 

■  The  number  of  reinforcing  bars  Is  negligible  and  the 

concrete  would  probably  break  up  under  the  shock  loading 
experienced  In  responding  to  the  thrust  of  a  driver. 

■  The  rebars  that  are  in  place  according  to  available  data  are 
longitudinal  with  no  provision  for  transverse  loads. 

■  The  stability  of  the  block  was  Insufficient  to  prevent  rollover  due 
to  transverse  loads  and  the  transverse  load  would  cause  allowable  soil 
pressure  to  be  exceeded  resulting  in  motion  and  sinking  of  the  block. 

SPARTA  examined  the  existing  TVER  shock  tube  driver  and  recommended 
that  the  driver  be  disassembled,  refurbished,  reassembled  with  new  spiral 
wound  316  stainless  steel  seals,  hydrotested  and  recertified  in  accordance 
with  the  ASME  Boiler  Code.  After  passing  the  ASM E  hydrotest,  the  driver 
should  be  coated  with  protective  marine  environment  paint  on  all  exterior 
exposed  surfaces.  The  interior  should  be  protected  with  nickel  plating, 
phosphate  or  high  temperature  primer  and  paint.  It  is  probable  that  corroded 
sealing  surfaces  will  require  machining  and  the  interior  will  require  grit 
blasting.  If  the  driver  bolts  and  nuts  cannot  be  identified  as  having  the  proper 
strength  and  being  made  of  approved  materials,  they  should  be  replaced 
with  proper  fasteners. 

Use  of  the  existing  expansion  tube  sections  was  discarded  because  of  their 
poor  physical  condition  (rusted  throughout),  because  the  rust  would  have  to 
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be  removed  in  order  to  weld  stiffeners  onto  the  exterior  and  because  they 
can  be  replaced  with  more  substantial  sections  relatively  inexpensively.  . 

Alternate  siting  arrangements  were  studied  for  a  concrete  pad  supported 
facility.  A  location  next  to  the  Test  Bed  was  selected  on  the  basis  of 
convenience  and  affordability. 

The  existing  LNg/Pebble  Bed  Heater  gas  supply  system  was  found  to  be 
easily  capable  of  meeting  the  TVEF  requirements.  Also,  a  single  heated  gas 
supply  system  arrangement  was  found  to  be  compatible  with  each  of  the 
candidate  facility  configurations  and  is  described  in  Section  4.1.2. 

3.2  Alternate  Facility  Configurations 

Five  basic  facility  configurations  were  examined  during  the  concept  phase. 
Sufficient  engineering  design  analyses  were  performed  to  establish 
feasibility,  to  size  the  structures  and  to  differentiate  their  costs  and 
operational  features.  A  configuration  designed  to  accommodate  the  original 
axial  thrust  requirement  Is  designated  as  a  100,000  lb  design  and  a 
configuration  sized  to  meet  the  final,  expanded  capability  is  designated  as 
a  400,000  lb  design. 

3.2.1  100,000  lb  Pad  Supported  Concept 

The  TVEF  driver  tube  and  expansion  tube  will  be  mounted  on  a  reinforced 
concrete  support  structure  with  integral  tie  down  rails  (Figure  3).  A  steel 
driver  support  truss  transfers  the  axial  thrust  to  the  3000  psi  concrete 
reaction  pier;  the  pier  Is  70  feet  long  by  8  feet  wide  and  the  shear  keys  are 
5  feet  deep.  A  sliding  expansion  tube  section  allows  access  to  the  throat 
valve  test  section  and  a  steel  thrust  stand  accommodates  the  (small) 
expansion  tube  thrust  load.  Commercially  available  rollers  with  height 
adjustment  bolts  support  the  driver  and  the  expansion  tube. 

A  smaller  free  standing  concrete  pier  is  used  to  support  the  aft  end  of  the 
expansion  tube.  This  pier  takes  only  vertical  load. 

The  expansion  tube  is  a  1/4  Inch  wall  low  carbon  steel  30  inch  diameter 
tube.  Two  axial  opposing  WF  beams  welded  to  the  sides  Increase  its 


8 


The  tube  is  also  reinforced  with  spaced  circular  rings  to  prevent  local 
crippling  due  to  bending.  Free  thermal  expansion  is  enabled  by  axial  sliding 
bearings  installed  on  the  aft  mount. 

3.2.2  100,000  lb  Piggyback  Concept 

Recognizing  that  the  cost  and  excavation  for  a  new  facility  could  present 
problems,  SPARTA  prepared  an  alternate  design  concept  which  piggy  backs 
on  the  existing  Eight  Foot  Shock  Tube.  The  estimated  costs  are  significantly 
lower  than  for  the  baseline  design  concept  since  no  reaction  pad  and  no 
new  excavation  is  required. 

The  TVEF  driver  and  expansion  tube  are  mounted  on  top  of  the  existing 
Eight  Foot  Shock  Tube  (Figure  4).  Steel  trusses  transfer  the  driver  thrust 
axial  load  to  the  shock  tube  walls  fore  and  aft  of  the  primary  reaction  pier; 
a  smaller  truss  work  transfers  the  expansion  tube  axial  load  to  the  Eight  Foot 
Shock  Tube  wall  forward  of  the  shock  tube  test  section.  The  TVEF  driver 
and  expansion  tube  are  mounted  on  roller  bearings  as  in  the  baseline  design 
and  the  bearings  are  supported  by  steel  truss  works  welded  to  the  shock 
tube  walls.  A  steel  framework  secures  the  end  of  the  TVEF  expansion  tube. 

The  expansion  tube  would  be  sectioned  and  fitted  with  a  strong  back  so  that 
the  portion  over  the  shock  tube  test  section  can  be  lifted  out  to  clear  the 
area.  Because  the  TVEF  will  be  about  17  feet  above  the  ground,  standard 
mobile  work  platforms  would  be  used  for  access  (Figure  5). 

3.2.3  100,000  lb  Side  by  Side  Concept 

To  avoid  having  operating  personnel  working  on  an  elevated  facility,  Sparta 
designed  a  100,000  lb  rated  TVEF  driver/expansion  unit  to  be  installed  on 
the  side  of  the  8  ft  diameter  shock  tube  (Figure  6).  The  centerline  of  the 
side  mounted  TVEF  was  approximately  4  ft  off  the  ground  for  ease  of  access 
without  ladders  and  stools.  The  design  kept  clear  a  20  ft  wide  access  way 
to  the  8  ft  shock  tube  nozzle  area. 

A  horizontal  steel  truss  mounted  on  the  8  ft  shock  tube  reaction  block 
supported  the  TVEF  driver  and  expansion  tube  and  transferred  thrust  and 
moments  directly  to  the  reaction  block  of  the  8  ft  diameter  shock  tube. 
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Figure  4  100,000  LB  Piggy  Back  Concept 


1 1 .5"  driver 


sliding  section 
(snown  open) 


Figure  5.  Mobile  Work  Platform  and  Sliding  Expansion  Tube  Detail 
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Side  Concept 


3.2.4  100,000  lb  Upgradable  Pad  Concept 

Consideration  was  given  to  buiiding  a  100,000  lb  pad  which  would  be 
upgradable  to  a  400,000  lb  pad  at  a  later  date  (Figure  7).  Significant 
complexity  and  cost  is  required  to  do  this.  Specifically: 

■  400,000  lb  thrust  reaction  rails  are  integrated  with  the  100,000  lb 
reaction  rails 

■  the  concrete  pad  width  is  increased  to  1 0  feet  to  accommodate  the 
400,000  lb  rails 

■  the  concrete  pad  shear  keys  are  increased  to  6  foot  deep 

■  400,000  lb  pier  rebar  patterns  are  added  to  the  100,000  lb  pad 
envelope,  bent  90  degrees  at  the  pad  sides  and  ends  and  covered 
with  a  six  inch  concrete  layer  which  would  be  removed  when  the 
expansion  construction  took  place. 

The  balance  of  the  100,000  lb  pad  supported  concept  remained  the  same. 

3.2.5  400,000  lb  Pad  Supported  Concept 

The  final  candidate  configuration  assumed  that  the  400,000  lb  pad  would 
simply  be  built  now  to  accommodate  both  facilities.  Further  concrete  pad 
design  optimization  produced  a  15  foot  wide  by  85  foot  long  concrete  pad 
(Figure  8)  which  allowed  the  reduction  of  the  number  of  shear  keys  from  7 
to  6.  In  addition,  it  is  no  longer  necessary  to  re-excavate,  remove  the 
concrete  facing  from  the  pad  sides  and  ends,  construct  forms,  extend  the 
rebar  and  concrete  pad,  backfill  and  remove  debris. 

The  balance  of  the  design  remained  the  same  the  same  as  the  100,000  lb 
upgradable  design. 
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Figure  8.  400,000  LB  Pad  Supported  Concept 


3.3  Concept  Selection 

All  of  the  concept  configurations  were  judged  to  be  feasible  and  can  be 
constructed  in  approximately  the  same  time  frame.  Concept  selection  was 
made  in  the  following  fashion: 

■  The  100,000  lb  pad  supported  concept  was  eliminated  because  of 
the  desire  to  expand  the  facility  at  a  later  date. 

■  The  piggyback  concept  was  eliminated  because  of  excessive 
Interference  with  existing  operations  and  because  of  a  desire  not  to 
expose  workers  to  unnecessary  risks  by  operating  at  16  foot  heights. 

■  The  side  by  side  concept  was  eliminated  because  expansion  to  a 
400,000  lb  capability  was  considered  dubious. 

This  left  a  choice  of  building  an  upgradable  100,000  lb  pad  supported  design 
or  building  a  400,000  lb  pad  supported  design  now. 

Consultation  with  a  Professional  Civil  Engineer  produced  estimates  that  30 
percent  of  the  cost  of  the  reinforced  concrete  support  pad  could  be  saved 
if  the  400,000  lb  pad  were  simply  built  now.  Further,  construction  of  the 
upgrade  to  the  100,000  lb  reaction  pad  would  result  in  significant  down  time 
for  the  facility.  Therefore,  SPARTA  recommended  building  the  400,000  lb 
pad  now.  Army  Research  Laboratory  personnel  agreed  with  SPARTA's 
recommendation  and  directed  that  engineering  design  activities  proceed  with 
the  400,000  lb  concept. 
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4.  ENGINEERING  DESIGN 


Preliminary  engineering  designs  were  developed  for  the  site  layout  and  the 
components  of  the  400,000  lb  pad  supported  concept.  A  facility  design 
description  is  provided  here  along  with  installation  and  operation 
procedures. 

4.1  Facility  Design 

Engineering  design  calculations  are  summarized  in  Appendix  A  and  the  heat 
transfer  models  used  to  size  valves  and  develop  operating  procedures  are 
documented  in  Appendix  B. 

4.1.1  Site  Plan 

The  TVEF  will  be  located  in  close  proximity  to  the  1/6th  Scale  Test  Bed  (also 
referred  to  as  the  Eight  Foot  Shock  Tube).  The  shock  tube  is  oriented  at  an 
angle  71  degrees  clockwise  from  north.  Essentially  all  of  the  building  fronts, 
sidewalks,  roads  and  installations  are  parallel  to  this  direction. 

Existing  Features 

The  diaphragm  changing/compressor  building  is  approximately  41  feet  from 
the  centerline  of  the  8  ft  diameter  shock  tube.  Electrical  power  for  the  gas 
supply  system  originates  in  this  building.  The  control  bunker  is  adjacent  to 
the  diaphragm  changing/compressor  building  and  east  of  it.  The  bunker 
houses  the  test  personnel,  test  data  acquisition  systems,  valve  controls 
systems  and  power  switching.  An  unused  diesel  engine  mount  east  of  the 
bunker  is  oriented  orthogonal  to  the  8  ft  diameter  shock  tube;  a  wooden  foot 
bridge  spans  the  diesel  engine  mount  in  line  with  a  sidewalk  leading  to  the 
diaphragm  changing/compressor  building. 

The  Test  Bed  heated  driver  gas  supply  system  is  located  near  the 
downstream  end  of  the  driver.  Included  are  the  Pebble  Bed  Heater  (PBH), 
the  cryogenic  pump,  the  liquid  nitrogen  cryogenic  storage  tank  and  the  gas 
supply  electrical  control  boxes.  A  2  inch  O.D.  line  transfers  heated  gas  to 
the  test  bed  driver.  The  cryogenic  pump  is  a  constant  displacement  pump 
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which  has  a  rated  capacity  of  1.6  kgm/s  (32  GPM).  The  PBH  is  preheated 
by  electrical  resistance  heaters  using  460  volt,  three  phase  power  drawing 
a  maximum  of  324  amps  (150  Kw)  plus  30  amps  at  120  volts  for  switching 
(4  Kw);  the  cryogenic  pump  draws  a  maximum  of  105  amps  (48  Kw).  A 
switching  system  prevents  the  PBH  and  pump  from  being  operated 
simultaneously. 

A  sump  and  sump  pump  used  for  draining  the  foundation  of  the  existing 
shock  tube  is  located  behind  the  liquid  nitrogen  storage  tank  and  a  runoff 
drainage  ditch  is  located  in  front  of  the  diaphragm  change  building  and 
bunker.  Left  over  concrete  piers  from  earlier  diesel  engine  tests  must  be 
removed. 

TVER  Features 

The  TVEF  driver  will  be  mounted  on  a  reinforced  concrete  pad  via  rails 
embedded  in  the  concrete.  Two  sets  of  rails  are  provided,  one  for  the 
present  100,000  lb  thrust  requirement  and  one  for  the  future  400,000  lb 
thrust  requirement.  The  expansion  tube  will  be  mounted  on  the  pad  at  the 
upstream  end  and  on  an  a  support  pier  on  the  downstream  end.  The  TVEF 
reinforced  concrete  base  will  be  alongside  and  parallel  to  the  existing  shock 
tube  and  approximately  twenty  feet  east  of  the  driver  flange.  The  shock  tube 
and  ancillary  buildings  will  not  be  affected  by  the  TVEF  installation  other 
than  replacing  underground  electrical  conduits  which  will  be  severed  while 
excavating  for  concrete  forms.  The  TVEF  driver  is  located  east  of  the 
control  bunker  so  that  radially  expelled  debris  will  not  enter  the  building  (in 
the  event  of  driver  structural  failure).  When  completed,  the  TVEF  concrete 
base  will  provide  a  smooth  walkway  for  personnel. 

The  TVEF  will  have  a  drainage  system  connected  to  the  existing  sump  from 
which  the  drainage  will  be  pumped  to  a  field  north  of  the  shock  tube. 

The  TVEF  will  be  pressurized  by  the  existing  Test  Bed  gas  supply  system 
via  a  new  heated  gas  transfer  line.  A  new  3  way  manual  valve  will  be 
installed  in  the  present  Test  Bed  fill  line  to  provide  safe,  positive  control  of 
the  heated  gas  transfer  process.  The  TVEF  driver  gas  transfer  line  will  be 
electrically  heated  with  the  460  volt,  three  phase  power  coming  from  the 
PBH  power  line.  A  vent  valve  located  at  the  upstream  end  of  the  TVEF 
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driver  will  be  used  to  control  the  driver  pressure;  exhaust  gas  will  exit  via  a 
10  foot  tall  exhaust  stack. 

A  remote  Data  Acquisition  and  Control  System  (DACS)  will  be  located  near 
the  driver  to  keep  instrumentation  lines  short.  Facility  control  and  data 
processing  will  be  provided  by  a  PC  located  in  the  bunker.  Communication 
between  the  DACS  and  the  PC  is  via  150  feet  of  interface  cable  protected 
by  six  inch  diameter  Schedule  80  PVC  pipe. 

4.1.2  Pier,  Driver  and  Expansion  Tube  Overall  Views  (TVEF-1.1) 

A  12  feet  wide  by  93  feet  long  reinforced  concrete  reaction  pad  supports  the 
6  ton  TVEF  driver  and  one  end  of  the  7  ton  expansion  tube  assembly  and 
reacts  400,000  lbs  of  axial  thrust.  Six  transverse  shear  keys  and  a  single 
vertical  stem  with  footings  on  each  were  sized  to  transfer  the  loads  to  the 
soil  and  to  resist  bending  moments.  The  footings  were  added  to  the  original 
concept  designs  because  it  is  assumed  that  excavation  and  forming  Is 
required;  therefore,  footings  are  used  to  provide  additional  shear  area  for 
transferring  thrust  loads  to  the  soil,  additional  compression  area  for  negative 
moments  and  additional  area  for  steel  rebar  to  resist  positive  moments  at  the 
most  effective  location. 

The  3000  psi  concrete  pad  is  heavily  reinforced  with  A-615  grade  40  steel 
re-bars  oriented  to  distribute  shear  key  and  thrust  loads  into  the  concrete 
mass.  A  system  of  steel  tee  sections  is  cast  Into  the  concrete  to 
accommodate  expected  driver/expansion  tube  configurations. 

A  porous  gravel  bed  Is  installed  under  the  central  spine  of  the  reaction  pad. 
It  runs  the  full  length  of  the  reaction  pad  and  encloses  a  4  inch  diameter 
perforated  drain  pipe.  The  perforated  drain  pipe  slopes  downward  from  the 
exhaust  direction  of  the  expansion  tube  to  the  upstream  end  of  the  driver 
and  pipes  drainage  into  a  vertical  sump  formed  from  30  inch  diameter 
concrete  pipe.  A  submersible  float  actuated  electric  sump  pump  is  used  to 
pump  accumulated  water  through  an  underground  pvc  pipe  to  the  existing 
Test  Bed  sump. 

A  9  foot  wide  by  5  foot  long  free  standing  reinforced  concrete  pier  similar  to 
the  main  reaction  pier  is  used  to  support  the  aft  end  of  the  expansion  tube. 
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The  pier  takes  loads  only  in  a  transverse  vertical  plane  as  the  expansion 
tube  is  allowed  to  slip  axiaily.  Provision  is  made  to  shim  and  re-position  the 
expansion  tube  if  earth  movement  takes  place  over  time.  The  expansion 
tube  aft  mount  restrains  the  tube  about  a  vertical  plane  but  allows  free 
thermal  expansion  In  the  axial  direction.  The  aft  mount  is  fabricated  by 
welding  from  low  carbon  steel  plate  and  painted  with  marine  paint  after 
completion. 

4.1 .2.1  Concrete  &  Ralls 

The  reaction  pad  concrete  slab  and  the  vertical  keel  are  16  inches  thick;  the 
transverse  shear  keys  are  18  inches  thick.  The  footings  are  12  Inches  thick 
by  36  inches  wide.  Steel  re-bars  (#6  except  where  noted)  are  preformed 
and  inserted  into  the  concrete  forms  prior  to  filling  with  concrete.  The  re-bar 
pattern  is  as  follows: 

Top  Slab; 

Longitudinal  Bars  on  8  inch  centers  (top  layer  #8) 
Transverse  Bars  on  10  inch  centers 

Transverse  Keys: 

Transverse  Bars  on  8  inch  centers 
Vertical  Bars  on  8  inch  centers 

Longitudinal  Stem: 

Vertical  Bars  (#4)  on  10  Inch  centers 
Longitudinal  Bars  (#4)  on  8  inch  centers 

Longitudinal  Footing: 

Six  #1 1  Bars 

After  most  of  the  re-bars  are  in  place,  the  driver  reaction  rails  are  aligned 
and  installed,  the  expansion  tube  reaction  rails  are  aligned  and  installed  and 
the  remaining  re-bars  are  threaded  through  the  rails  and  installed. 

The  driver  and  expansion  tube  thrust  stand  consist  of  four  18  foot  long  WT 
13.5x47  T  section  rails  held  in  place  by  two  2  inch  diameter  crossbars. 
Thirty  six  headed  studs  0.5  x  6  inches  anchor  each  rail  to  the  concrete. 
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eighteen  1  1/4  inch  hoies  allow  the  rebars  to  pass  through  each  rail.  Twelve 
1  1/2  inch  holes  are  drilled  into  each  of  the  inner  rails  to  accommodate  the 
driver  and  expansion  tube  thrust  stand. 

The  expansion  tube  end  support  concrete  form  Is  a  16  inch  thick  horizontal 
top  slab  over  two  12  inch  orthogonal  vertical  keys  along  with  12  inch  thick 
footings.  Rebar  are  on  1  foot  centers  in  single  curtains. 

4.1. 2.2  Expansion  Tube,  Supports,  Rings  &  Longerons  (TVEF-1.1.2) 

The  expansion  tube  is  a  1/4  inch  thick  low  carbon  steel  30  inch  diameter 
tube  welded  on  opposing  sides  to  two  axial  opposing  WF  beams  which 
increase  its  bending  stiffness  (see  recommendation  to  minimize  stiffener 
length)  so  that  only  two  expansion  tube  supports  are  required.  The  tube  is 
also  reinforced  with  spaced  circular  rings  to  prevent  local  crippling  due  to 
bending.  Free  thermal  expansion  is  enabled  by  axial  sliding  bearings 
installed  on  the  aft  mount.  The  assembly  has  a  6  ft  long,  30  inch  diameter 
removable  section  along  with  a  5  ft  long,  28  Inch  diameter  sliding  section  on 
the  upstream  end  to  allow  access  to  the  TVEF  test  valve.  The  expansion 
tube  assembly  will  be  hot  galvanized  at  the  factory  except  for  the  local  areas 
to  be  welded  in  the  field.  These  welds  will  be  protected  with  cold  galvanize. 

The  30  inch  diameter,  100  ft  long  expansion  tube  assembly  is  fastened  to 
the  inboard  pair  of  the  four  aft  reaction  rails  embedded  in  the  concrete  base 
pad.  The  aft  end  of  the  expansion  tube  assembly  is  fastened  to  a  sliding 
support  mounted  to  the  aft  concrete  support  pedestal. 

4.1 .2.3  Driver  Thrust  Frame  (TVEF  1.1.3) 

The  TVEF  driver  thrust  stand  is  a  welded  triangular  steel  trusswork 
supporting  a  six  inch  thick  vertical  steel  plate.  This  plate  is  bored  out  to  30 
Inch  diameter  so  as  to  accommodate  the  29  1/2  inch  diameter  driver  flanges. 
The  driver  is  bolted  to  the  thrust  stand  through  a  central  spacer  plate  which 
is  bored  out  to  11  1/2  inches.  The  spacer  plate/flange  joint  is  sealed  with 
the  same  type  gasket  presently  used.  The  thrust  stand  is  bolted  to  the 
reaction  rails  with  specified  torques.  After  assembly,  SPARTA  has 
recommended  that  the  installer  paint  all  bolts,  washers,  exposed  threads  and 
nuts  with  rust  inhibiting  paint  and  plug  all  holes  in  the  driver. 
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4.1.3  Driver  Gas  Supply  System  (TVEF-1.2) 

Heated  Nitrogen  gas  will  be  pumped  from  the  Pebble  Bed  Heater  to  the 
TVEF  driver  through  100  feet  of  1.5  inch  I.D./0.188  inch  wall  SAE  4130  alloy 
steel  tubing.  A  three  way  2500  lb  Globe  valve  is  fitted  into  the  Test  Bed  fill 
line.  On  one  position,  this  valve  allows  full  flow  to  the  Test  Bed  driver  and 
shuts  off  flow  to  the  TVEF.  When  switched  to  the  alternate  position,  this 
valve  shunts  the  full  flow  to  the  TVEF  and  shuts  off  flow  to  the  large  driver. 
The  valve  is  rated  at  1,850  psig  at  a  temperature  of  1,000°  F. 

If  the  fill  tube  temperature  is  substantially  less  than  the  gas  temperature,  the 
gas  will  lose  significant  thermal  energy  through  convective  heat  transfer  to 
the  tube  wall.  Driver  inlet  gas  temperatures  were  calculated  using  the  heat 
transfer  model  described  in  Appendix  B.1;  Initial  tube  wall  temperatures  of 
300  K  and  450  K  were  considered,  in  neither  case  did  the  gas  temperature 
reach  the  desired  inlet  temperature  of  650  K  in  the  proposed  TVEF  driver 
filling  time  of  several  tens  of  seconds  (Figure  9).  Further,  63  percent  and  38 
percent  of  the  gas  thermal  energy  was  lost  to  the  tube  wall  respectively 
during  the  calculated  times.  Therefore,  the  fill  tube  wall  will  be  pre-heated 
to  the  desired  inlet  gas  temperature. 

The  fill  tube  is  heated  by  a  pair  of  resistance  strip  heaters  that  are  fastened 
to  opposing  sides  of  the  fill  tube  by  a  series  of  stainless  steel  clamps.  The 
strip  heaters  come  in  50  ft  lengths  which  are  controlled  by  an  individual 
power  supply/controller.  Thermocouples  spaced  at  10  ft  inten/als  feed  back 
temperature  data  to  the  controller.  Heater  power  is  taken  directly  from  the 
main  pebble-bed  power  supply. 

The  fill  tube  assembly  including  heater  strips  and  fittings  is  insulated  by 
preformed  cylindrical  foamglass  insulation.  This  insulation  was  chosen 
because  it  is  impervious  to  moisture  and  prevents  corrosion  of  stainless  steel 
fittings  exposed  to  salt  air  from  the  nearby  Chesapeake  Bay.  The  preformed 
insulation  blocks  are  cemented  together  by  high  temperature  cement  and  are 
covered  with  a  stainless  steel  protective  covering.  The  outer  covering  is 
cemented  in  place  and  all  joints  are  sealed.  During  the  TVEF  fill  process, 
the  exterior  surface  temperature  of  the  fill  pipe  will  not  pose  a  safety 
hazzard.  Substantial  thermal  energy  remains  in  the  fill  tube  which  will 
diffuse  to  the  surface  but  the  temperature  is  not  expected  to  be  high. 
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FILL  GAS  EXIT  TEMPERATURE 


24 


Figure  9.  Effect  of  Fill  Tube  Heating  on  Driver  Gas  Inlet  Temperature 


A  1  1/2  inch  remotely  controlled  vent  valve  is  added  to  the  upstream  end  of 
the  TVEF  driver  to  control  the  driver  pressure  during  operation  and  to 
provide  a  method  of  bleeding  down  the  driver  gas  if  a  throat  valve 
malfunction  occurs.  The  pneumatic  control  valve  is  operated  by  a  solenoid 
valve  which  energizes  a  diaphragm  operator  which  in  turn  actuates  the  valve 
pintle  on  command.  The  solenoid  valve  will  be  operated  by  a  28  VDC  signal 
from  the  control  system  in  the  bunker.  The  vent  valve  pneumatic  control  gas 
supply  consists  of  a  2200  psi  nitrogen  storage  bottle  connected  to  a  two 
stage  Airco  regulator  which  reduces  the  input  pressure  to  approximately  40 
psig.  In  parallel  with  the  solenoid  valve  is  a  small  accumulator  which 
furnishes  required  high  flow  rates  upon  demand  independent  of  the  supply 
line  and  regulator  size.  A  bleed  valve  vents  the  pneumatic  control  system 
when  It  is  shut  down. 

Connected  in  series  with  the  vent  valve  is  a  variable  area  manual  ball  valve 
which  provides  a  adjustable  orifice  in  the  vent  line  to  tune  the  system  for 
various  test  conditions.  Operating  procedures  are  described  In  section  4.3. 
A  1900  psig  pressure  relief  valve  assures  that  the  driver  will  not  be 
overpressurized. 

The  exhaust  from  an  open  vent  valve  would  be  very  noisy  and  is  potentially 
hazardous  so  the  flow  is  directed  into  a  vertical  6  inch  diameter  exhaust 
stack  approximately  10  feet  high.  The  upper  two  feet  of  the  steel  pipe  are 
perforated  with  1/8  th  inch  diameter  drilled  holes  which  reduce  the  noise 
signature.  Each  end  of  the  pipe  is  capped  and  a  single  1/8  th  Inch  diameter 
drilled  hole  in  the  stack  bottom  drains  condensate.  The  exhaust  stack  and 
transfer  line  are  electroless  nickel  plated  during  fabrication. 

4.1.4  Electrical  Power  System  (TVEF-1.3) 

In  the  present  1/6th  Scale  Test  Bed,  460  volt  3  phase  power  is  provided  to 
the  Pebble  Bed  Heater  (PBH)  and  cryogenic  pump  via  underground  cable 
directly  from  the  compressor  building.  A  four  way  switch  In  the  control 
bunker  selects  between  AIFl/PBH/LN/OFF  but  the  power  still  routes  through 
the  compressor  building.  A  3  phase  power  junction  box  is  located  on  the 
Test  Bed  concrete  apron  directly  across  from  the  compressor  building. 

460  volt  3  phase  power  from  the  junction  box  goes  to  a  switch  box  with  200 
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amp  circuit  breakers  and  a  lockable  manual  lever  arm.  Power  lines  exiting 
the  switch  box  go  to  the  heater  rod  power  distribution  box.  PBH  heater 
elements  are  thermostatically  controlled  from  a  control  box  located  in  front 
of  the  PBH  and  can  be  individually  switched  out  by  setting  a  low  set  point 
temperature.  460  volt  3  phase  power  also  goes  from  the  junction  box  to  a 
separate  manual  switch  box  and  on  to  the  control  box  located  in  front  of  the 
cryogenic  pump. 

110  volt  single  phase  power  from  a  junction  box  located  directly  across  from 
the  control  bunker  provides  control  system  power  to  the  remote  valves. 
Instrumentation  lines  are  routed  through  a  conduit  parallel  to  the  110  volt 
power  line  conduit.  These  two  conduits  will  be  disrupted  during  TVEF 
construction. 

460  volt  3  phase  power  will  be  tapped  off  of  the  PBH  power  circuit  after  the 
manual  switch  box  and  into  the  fill  tube  heater  system  control  box.  Thus, 
the  fill  tube  heaters  will  be  switched  off  when  the  pump  is  switched  in.  In 
the  switch  box  the  power  is  stepped  down  to  240  volts  and  routed  to  two 
heater  control  units  each  of  which  supply  power  to  two  50  foot  long  tube 
heating  units.  Five  thermostat  circuits  provide  distributed  temperature 
control  for  each  tube  heater  unit.  The  desired  fill  tube  temperature  is 
manually  set  in  the  heater  control  units  and  left  on  throughout. 

4.1.5  Instrumentation  and  Control  System  (TVEF-1.3) 

Facility  instrumentation  will  include  12  thermocouples,  1  pressure  gauge  and 
one  valve  position  indicator.  The  thermocouples  are  chromel  alumel  with  a 
1/8th  inch  sheath  and  have  time  constant  less  than  0.1  seconds.  The 
pressure  transducer  is  a  strain  gauge  type  with  an  accuracy  of  ±  0.2  percent 
of  span;  the  transducer  will  be  mounted  at  the  end  of  a  standoff  tube  to 
isolate  its  face  from  the  hot  driver  gas.  Limit  switches  indicate  whether  the 
vent  valve  is  open  or  closed.  A  sealed  six  Inch  Schedule  80  PVC  conduit 
will  carry  instrumentation  and  control  lines  from  the  TVEF  to  the  control 
bunker.  This  prevents  damage  to  the  lines  and  wires  by  weather,  by  people 
and  by  vehicles.  The  conduit  enters  the  control  bunker  through  an  existing 
port  on  the  north  wall. 

TVEF  operation  requires  a  PC  based  Data  Acquisition  and  Control  System; 
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a  remote  DACS  will  be  located  at  the  TVEF  facility  to  keep  Instrumentation 
lines  short  whereas  the  PC  will  be  located  in  the  control  bunker 
approximately  50  feet  away.  The  DACS  contains  12  bit  D/A  and  A/D 
boards,  a  16  channel  thermocouple  board,  a  power  supply  and  the 
communication  boards.  The  PC  is  a  33  Mhz  486  system  with  4  MB  of  RAM, 
a  170  MB  hard  drive  and  six  16  bit  ISA  expansion  slots.  The  Paragon 
Control  Software  package  already  in  use  for  the  Test  Bed  will  be  adapted  to 
control  the  TVEF  as  well.  The  PC  will  be  used  to  input  the  driver  pressure 
set  point  to  open  the  vent  vaive  (a  manual  overide  provides  backup)  and  to 
record  and  display  process  valve  position,  gas  pressure  and  gas 
temperature.  A  data  sampling  rate  of  10  Hz  is  more  than  adequate  to 
capture  the  TVEF  filling  process  time  history.  Digital  readout  process 
indicators  will  display  the  driver  gas  temperature  and  pressure  for  operator 
convenience. 

4.2  Facility  Installation 

Initially,  the  site  is  excavated  as  necessary,  forms  are  installed,  re-bars  are 
placed,  severed  cable  ways  replaced,  and  the  reinforced  concrete  pad 
poured.  After  the  concrete  has  cured  for  30  days,  the  following  assembly 
steps  are  taken: 

1.  The  TVEF  driver  thrust  stand  is  bolted  to  the  reaction  rails  with 
code  specified  (e.g.,  1000  ft  lb)  torques.  All  bolts,  washers, 
exposed  threads  and  nuts  are  painted  with  rust  Inhibiting  paint. 

2.  The  hydrotested  TVEF  driver  assembly  including  seals,  spacer 
plate  and  end  flanges  is  bolted  to  the  TVEF  driver  thrust  stand. 
All  bolts,  washers,  exposed  threads  and  nuts  are  painted  with 
rust  inhibiting  paint. 

3.  The  expansion  tube  (with  sliding  section  installed)  is  aligned  with 
the  TVEF  driver  and  bolted  to  the  concrete  pad  and' aft  support 
pad.  All  bolts,  washers,  exposed  threads  and  nuts  are  painted 
with  rust  inhibiting  paint. 

4.  The  vent  valve  system  is  installed  on  the  forward  driver  header 
and  connected  to  its  pneumatic  power  supply  and  electrical 
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power  supply.  All  bolts,  washers,  exposed  threads  and  nuts  are 
painted  with  rust  inhibiting  paint. 

5.  The  existing  2  inch  diameter  Test  Bed  driver  fill  line  is  cut  and  a 
the  manual  2  inch  three  way  valve  Is  installed  so  that  flow  can 
be  diverted  to  the  TVEF  as  required. 

6.  A  2  inch  to  1.5  inch  reducer  Is  installed  in  one  port  of  the  3  way 
valve  and  the  1 .5  inch  line  is  connected  to  the  TVEF  driver  using 
the  proper  fittings. 

7.  Strip  heaters  are  fitted  to  the  1 .5  inch  tube  and  fitting  assembly 
using  stainless  steel  hose  clamps. 

8.  The  strip  heaters  are  wired  to  their  control  boxes  and 
thermocouples  are  installed  every  ten  feet  on  the  fill  line  with 
connections  to  the  control  boxes. 

9.  The  strip  heater  control  boxes  are  wired  to  the  pebble-bed 
heater  power  supply. 

10.  The  fill  tube  insulation  is  installed  after  checkout  of  the  strip 
heater  system. 

1 1 .  Scientific  instrumentation  is  installed  on  the  fill  line,  driver  and 
valves.  Transmission  lines  to  the  PC  in  the  control  bunker  are 
installed  and  all  ground  leads  are  connected  to  an  approved 
grounding  stake. 

12.  Ground  fault  interrupter  circuit  breakers  are  installed  on  all 
primary  power  leads  connected  to  the  TVEF  system. 

13.  Covered  tapered  wooden  cable  crossovers  are  installed  to 
protect  all  top  of  slab  wiring  from  contact  with  people,  equipment 
and  vehicles. 
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4.3  Facility  Operation 


As  heated  nitrogen  gas  is  pumped  into  the  TVEF  driver,  the  gas  temperature 
is  increased  by  compression  heating  but  is  simultaneously  decreased  by 
heat  transfer  to  the  driver  wall  and  by  driver  venting.  The  driver  gas  filling 
process  was  analyzed  using  the  thermodynamic  and  heat  transfer  model 
found  in  Appendix  B.2.  Procedures  described  here  are  for  the  maximum 
driver  gas  test  condition  of  644  °K  temperature  and  118  atmospheres 
pressure  (referred  to  as  Test  Point  7). 

The  existing  ARL  1/6th  Scale  Test  Bed  gas  supply  system  is  capable  of 
delivering  1.6  kgm/sec  (32  GPM)  of  heated  gas  to  the  TVEF  driver. 
However,  because  of  the  TVEF  driver's  relatively  small  volume,  the  driver 
would  be  filled  in  times  on  the  order  of  5  to  7  seconds  if  there  were  no  heat 
transfer  to  the  driver  walls  (Figure  10).  Halving  the  flow  rate  doubles  the 
driver  fill  time  to  10  to  14  seconds  and  reducing  the  flowrate  by  a  factor  of 
4  brings  the  fill  time  up  to  20  to  30  seconds.  For  practical  operating  control, 
a  flow  rate  of  0.8  kgm/sec  (16  GPM)  is  chosen. 

Even  at  times  as  short  as  a  few  tens  of  seconds,  heat  transfer  to  the  wall 
has  a  significant  effect  on  driver  gas  filling  (Figure  11).  Approximately  5 
additional  seconds  are  required  to  fill  the  driver  to  Test  Point  7  (118  atm 
pressure)  and  the  driver  gas  temperature  is  several  hundred  degrees  K 
cooler  than  it  would  have  been  without  heat  transfer.  At  0.8  kgm/sec  of  675 
®K  gas,  the  driver  fill  time  is  about  17  seconds  when  convective  heat  transfer 
is  included  in  the  analysis. 

If  the  driver  filling  process  were  to  continue,  the  pressure  in  the  driver  would 
continue  to  build  linearly.  Terminating  the  driver  filling  is  not  an  acceptable 
solution  because  the  driver  temperature  and  pressure  drop  rapidly  providing 
a  few  second  test  window  (Figure  12).  Venting  the  driver  gas  through  a 
constant  vent  valve  area  of  3.3E-5  m^  (1/4  inch  diameter  port)  provides  the 
required  Test  Point  7  driver  gas  conditions  for  a  reasonable  test  period 
(Figure  13).  The  adjustable  area  manual  vent  valve  provides  the  capability 
to  achieve  intermediate  driver  gas  test  conditions  without  an  elaborate  and 
expensive  feedback  control  system. 
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DRIVER  FILLING  ESTMATE 

NO  HEAT  LOSS 


Figure  10.  Estimate  of  TVEF  Driver  Gas  Fill  Time 


TVEF  DRIVER  GAS 
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Figure  11.  Effect  of  Heat  Transfer  to  the  Driver  Wail 


TVEF  DRIVER  GAS 

INFLOW  0.8  KGM/SEC  STOPPED  AT  FILL 


Figure  12.  Effect  of  Terminating  Driver  Gas  Fiiiing 

i  4 
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Figure  13.  Extending  Test  Time  by  Driver  Gas  Venting 


5.  ESTIMATED  SCHEDULE  AND  COST 

Cost  estimates  were  made  by  defining  and  scheduling  the  tasks  (Figure  14), 
identifying  the  engineering  services  necessary  to  complete  the  design  as 
well  as  overseeing  fabrication  and  construction  and  by  itemizing  purchased 
parts  and  services.  Purchased  part  costs  were  estimated  from  catalog 
items,  vendor  quotes  and  engineering  estimates.  Fabrication  and  site 
construction  costs  were  developed  from  responses  to  RFQs. 

Major  cost  items  are: 


Engineering  Services 

$436,000 

Facility  Hardware 

$102,000 

Gas  Supply  Hardware 

$  43,000 

Instrumentation  and  Control 

$  17,000 

Purchased  Services 

$  27,000 

Site  Construction  &  Installation 

$246,000 

Total 

$871,000 

All  estimates  are  in  1993  dollars.  No  spares  or  contingencies  have  been 
included  and  no  consideration  has  been  given  to  satisfying  Government 
regulations  such  as  environmental  impact  statements,  site  specific  approvais 
and  faciiity  procurement  procedures. 
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Figure  14.  TVEF  Completion  Schedule 


6.  SUMMARY 


6.1  Conclusions 

The  following  conclusions  are  drawn  as  a  result  of  the  design  study: 

■  The  TVEF  is  technically  feasible  and  can  be  designed  and 
constructed  with  a  high  degree  of  confidence.  Preliminary  engineering 
design  is  complete. 

■  The  TVEF  can  be  constructed  in  closed  proximity  to  the  existing 
facilities  without  interference  and  can  share  the  use  of  the  1/6th  Scale 
Test  Bed  heated  driver  gas  supply  system,  electrical  system  and 
control  bunker. 

■  Within  the  uncertainties  in  the  data  set  taken  by  ARL  in  its  initial 
shakedown  run,  the  coded  driver  filling  model  reproduces  the 
measured  temperature  and  pressure  time  histories  reasonably  well 
thereby  validating  the  ad  hoc  heat  transfer  correlation. 

■  Sufficient  heated  gas  supply  and  control  authority  are  available  to 
provide  design  test  conditions  for  test  times  adequate  to  initiate  Throat 
Valve  tests.  Heat  transfer  has  a  significant  effect  on  the  driver  gas 
temperature  and  pressure  even  at  the  short  times  necessary  to  fill  the 
TVEF  driver.  Preheating  of  the  driver  gas  fill  line  to  the  design 
temperature  is  required. 

■  Venting  a  controlled  amount  of  driver  gas  after  the  driver  is  filled 
while  continuing  the  fill  gas  supply  is  an  effective  means  of  extending 
the  test  time.  Appropriate  driver  gas  venting  can  be  achieved  with  a 
simple  constant  area  vent  valve  thereby  relieving  the  need  for  an 
expensive  feedback  control  system. 

6.2  RECOMMENDATIONS 

The  following  recommendations  are  made  as  a  result  of  the  design  study: 

■  The  TVEF  facility  final  design  and  construction  should  proceed  as 


36 


soon  as  funds  are  available. 

■  The  TVEF  site  should  be  surveyed  by  a  licensed  land  surveyor  to 
develop  maps  with  true  dimensions,  land  elevations,  and  site  details 
including  the  pebble-bed  heater,  cryogenic  pump,  NEMA  boxes, 
electrical  junction  boxes,  diaphragm  building  and  control  bunker. 

■  Soil  tests  shall  be  made  at  the  TVEF  site  to  obtain  current  soil 
properties  to  a  minimum  depth  of  10  feet. 

■  The  existing  1/6th  Scale  Test  Bed  drainage  system  should  be 
inspected  and  serviced  so  that  it  can  accommodate  the  TVEF . 

■  The  existing  TVEF  driver  must  be  refurbished,  reassembled  and 
hydrotested  to  ASME  standards  to  assure  safe  operation. 

■  Final  engineering  can  achieve  additional  sirnplifications.  For 
example,  it  appears  that  the  expansion  tube  stiffeners  are  only 
required  near  the  support  locations. 

■  The  TVEF  driver  thrust  stand,  expansion  tube,  expansion  tube 
thrust  stand,  mounting  rail  assemblies  and  expansion  tube  aft  support 
structure  should  be  prefabricated  and  shipped  to  the  site  for  installation 
by  a  construction  contractor. 

■  The  present  driver  gas  filling  model  should  be  used  to  design 
definitive  1/6th  Scale  Test  Bed  driver  filling  experiments  which 
encompass  various  processes  included  in  the  model.  In  particular, 
careful  experiments  should  be  defined  to  test  the  validity  of  the  heat 
transfer  correlation  over  a  wide  range  of  Raleigh  numbers  of  interest 
to  TVEF  filling  strategies. 

■  Alternate  driver  filling  methods  should  be  developed  to  minimize 
driver  gas  stratification  if  it  proves  to  be  detrimental  to  throat  valve 
performance  and  shock  waveform  formation. 

■  Fast  response  (time  constant  less  than  0.1  seconds)  thermocouples 
must  be  used  to  measure  the  TVEF  driver  gas  temperature. 
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APPENDIX  A  DESIGN  CALCULATIONS 


A  Reaction  Pad  Soil  Loading 

B  Reaction  Pad  Loads  and  Stress  Resuitants  (N,  V  &  M) 

C  Reaction  Pad  Stresses 
D  Reaction  Pad  Universai  Mounting  Rails 
E  Reaction  Truss  Loads,  Stress  Resultants  and  Stresses 
F  Expansion  Tube  Loads,  Stress  Resultants  and  Stresses 
G  Heated  Fill  Tube  Stresses 
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A  zz-zi^>^l)^93=<.33  =  ~  G-i  /<  {<S  S.173  ' PBP-rH] 

REDUCT/OA^  /Af  pfUCTlQAJ  OA/  /^00T7A/G-’ 


^  71 


{^OP  / OP  jUPPPC^  OP  p-OO^/A/G-j 

) X  x.23  -'2.0  '<  (@  D£P'h* / 

'  © 

(^OA/  3o770M  SO'PPP^  OP  PooTj/\jG) 

AFijt  =- (joo  X  3)x'7j  y.33  =  -  ^ 'I  i<  i'  0£pm) 


Total  reouct/q/v  mx  ,^a/cto/v  foitce.  a/pilagl£  ■ 


-GJ  R  X  c_23j'  =  -32.7  At-K 

-2-6  r  =  -  /Z.8 

-■7.2  ^6 


-  C  C  7 


'/7.9  A  5: ^2-9"  -  -IOO.<E  P-l  -  A 


(g) 


l/iora  rhPT  ) 

pfiafBAfce  OP  wpia^  \ 

Rspucas  rpe 
availablb  pfucriof^f 

\PQfLLe  BY  3.^7  % 


TOTAL  DISTRIBUTED  LOA7(PTVO//VAL  FRICVCA/  RoRCJz  AUAILAGUE: 


p  I 


257,5  u.  xAJQ^'=  10^4.1  /7-/<  (AVAILABLE  IF  DRV) 

-11.3  xS.Ul  =-IOO.'2  (-BUOYART  LOSS) 


Z33  1  K  Q  A.oLo' -  775.5  Ft-R  [NET  AVAILABLE  if  yJET) 


^  <P2) 

pis 7fl 1 3 u TBP  L DJ TUP/zVA-L  PR/CT/Oa/  po/ics  APAILABLB: 


-  9*^'-  -  2.577  R/P-t  @  4-.0L  At  osATa 

L  <73 


iMERIPi  TFc^a  '^VVET"  VALVEi  BY  DIRECT  CALCVLATIOn) 
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♦ 


PROJECT 


SUBJECT 


/Z£AC7?0A/  P40  lO/L  L  OADJA'C 


' _ _  2 


^  Q/^F^/0.6('7)x^y  A.'Sy  -  3V,^  X  X  ;  '  =  ^7,6  F^-F 

(zi‘^^3}x93^.33=  SiS  xLU'7-  iSo^Q 


=  <ZiMo  xi.)x^3x03  ~  56.5  ^5  '  1E1.3 


irio(>S>^'!-)x33^33~  B.o 
■515xi^)'<33^.3j=  265 
*  =  ,59i?  ^  3  x'^/x.jjs  55.: 


'4  -5 


^533i  =  42.6 
^5  =  ;25.3 

x6  =  5255 


PI/l£C~  CAtCVLA7lLlf^  Oie<il<\  Z3?.'7  l<(S^.06o'=  J33.3  Ffl< 
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PROJECT 


/  vaF 


SUBJECT 


React/o/v  pad  Soil  loap/^C- 


CKD 


lonG/tud/nal  Passive  soil  p/^aj/uam  FoRces  a^/ahagu: 


IF  Soil  tS  "/Spy"  (ie.  ‘yJA^ea  tarl£  /S£lo\^^  i'oeRTH)'- 


LOAI&/TUDINAL  P0ILC£  AVAlLASLS  ACA/i^Af'  fUAJA<£.\ 

7  lis  !  ^  7 

F/^  =3xA;-^l^(n~/.333)=  /,fi’4  ^.667  =  1.13  Pi-i< 

f  —  ^3  X 
'Sr£rt\  —  J  ^ 

GPmsp 


^i^L333  -  Q.'L^  xF  =33  JL 


3^  .5'35^  t  2.. 09  x-f.f  ~  jS.dt 

'  .1^  xi-.667  =  l.a 


^Ser  }  3  ^  ""iT  ^  ^  hCQC 


13.13  K^3.S^^'=  SJ.'l^  Pt-K- 
®  (305  73 

iopFiTvoiMAC  Porue.j  a^/ailo-sla  afaimpt eacm  of  6  Keyj-. 


P  Clx  .HPxA^OF'  IP3:^ 

‘tZ  Is  10.611  ' 

_  C5^  .575^  /  x(ii~3^ 

~  )  n.  X  'Jli-  X  1  X  •=! 

pou-r  2  ^ 

LOpfiTudipal  Force  aaaha 

,  =■  (ifij  ^<3£> 

)=  IP.ilK  X  2  =4476 

=  2444  X  2.617  =  IoT-jS 

=  /5.53  =■  05.07 

=  /.55  *5.66  7=  ?.5o 

(  G/.24  /<  eA.on'  -1^.3  Ft-K^j 

®  (||)  (to) 

\ei£  AOMPSr  AU  J/A.mis  (tftal): 

3  67.  A-.  0  2.Z  '=:/4-77.75 

Total  LopQTue/nAL  PASJU'E 

^75  ^|5 

fo^(-  Fruisfupa:  aonce  avaicadlje 

380.7  a:  e4-.oi9'  =  /5Z7.5 FfK 

L. 
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SUBJECT 


J^EACT/OA/  /^AO  SOiL  LoAPJA/^ 


T 0  7AL  Lo/\/G/  ruOJ/\/AL  Po/l  css  AVA  tLASLS  z 


/=^n-(CTiur>^  por^ce  :  Z  (g  IT=fS.^  Ft-ic 

FASf/i//i  SoiLPorus  (pi)'^  3^0,1  K<£A.o/i'  -  Fk^ic 

^  li  . — . 

Total  PoP-cil  ava^lai^lli  g75.2,K  (PAJSA'  ^ZSZS.Q^^k 

"^'  ""  ^ . .  i 

APPU  BO  LOAD  :  ^QO  l<  ^  S'  Woo 

/j/o  T B  TAA’T'  -  A  ^  A  ^  ^ 

^  fO/L.  PP/CTW^  puR/^/SM^f  LBSS  IVAN  pALP 

OP  TPe  AVAiLAP^e  PEACH POACS , 

V  ^95:2- A 

^So/L  FAJSP/B  P/lSfSUPS  PJBS/STAA'CS  PicrU//fA£,r 
fL/OP'^(-y  yyfo/is  tppa/  pacp  op  the  a\/a/l4ocs 
peAc.H\/e  po/Lce  %  fseo-P  ^  5-/ vi ). 

•Aeou-r  60  %  =  %)  OP  TP& 

A^Aila6l£  /i£ac7ip€  Pon-t-e  /J  UJSo  to 

!LPAcr  TPS  -A-oo  /<  ABACT/oa/  AoAO. 

/N  O/UOBP.  To  /A/^'&fTJ  6-AI-T€  7?t£  A-£ACTorA  AAa7, 

ns  AVAILAeCB  SO/L  LOAOIN<i  V^ILL  BB  PRoRATBO 

C>ovy/v  To  AeAcmi^e  son  loading  that  BduiLiBAAsas 

-Jl-Hz  AAAI-0£t)  Aoo  ><~  i,uA-/i>/A/S-.  JRAT  //, 

OF-'rAB  IZ.eA<-Tloil  SOIL  FoACBS  WILL  B£ 

AAPCJBO  To  TfB  /LSA<n70W  PAO. 

^  t/jMsee-uAr/ 
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♦ 


PROJECT 


/  VC-f- 


SUBJECT  react/ ON  PAD  50! L  LOAD/^6- 


SU/AMARY  OF  EQuiLidPAT/NO  foil  JiEACi/vt  joAD/NO: 

FoRCB  I  IN  TRA/AS  OP  SOIL  D£PTA  ||  U^/?7.  fLA3-iT&>^  /fnZANic£. 

D/SJ/{ld07£0  Lo/vUTi/P//vAL  /FRICTION  Fo/i.C£  :  ^  ^  ^ 

l5Z.6Z/<  \@AJG‘i'  \  636.2e;%.^||(S>3./^9  '\A-23j6P-fK 

~~W~^  ©  IP  ^5 

DiTCREtt  F Rich  ON  forcs.  on  bottom  of  BAOt  /(-ey 


3XF  K  G  F-t  I  ZiesFfK  S  F^  IQ.'II  P-t-K 

^ 

TOTAL  D/SC/ISTF  FR/C'/ON  Fo/Lce.  ON  BOTTOM  OF  AU  /CRTS-. 


ZL‘3S  /<  \@  /=  F-t  \  131 -H  rfk  &  5  Pt 

. .  '  ■  . .  .  . . 

— 

Total  REA^rn/e  fo/L.  a/i/ct/on  f=^on.<^e: 


lOJ.ZQ  /iL'/c 


/74.f  7  /< 

@A.3‘i9  Ft 

TC.  3‘i  Ft-K 

@  3.3‘ie  Ft 

S’t'LTn  Fk-K  ( 

PASS 

l\Jt  Soil  PRESTO  RE.  FoRCE  ACAontt  Emo  sot 

ZFA<-£: 

(S>  2.9^=t  Ft 

30.03  Fi-k- 

1®  2.5‘77  A 

22 

Ft^/< 

PASSIVE  SOIL  PRESSuRa  pofice  acav/vst  eacm  /cay: 


3G.2Sd  K  (pP-,01'LPt  IPS.^0  %  3.01X 


^  (z3>  ^ 

T^TAL  PASSIVE  PRESS 'J pa  FORCE  A(rAfV\VST  ALL  KE^S' 


Zn3G  /4  ^F.oi'i  Ft  I  Pk-k  ^  S.OZ'L  Ft  CSTF>A  Ft-k 


Total  reactive  soil  pAss/i/E  pressure  porce: 


ZZ5.S3  K  ^F.oiS  Ft  \  '=f0^.oi  Ft’K  ^3.oiSFt  GBo.ssFt-K 


im 


Total  lonc/tuo/a/ac  so/c  afact/fe  aoa<-f- / 


4-0  0  /<  €  A.  I3F  Ft  / 6 7 3.4^  F-i^  Q  3.  >94  T^  IZT3M  F^-k. 

_  _ ■■  ^  L 


- ©  ^  ^  ^ 


♦ 


v^m 


SUBJECT 


RBACTfOr^  PAO  S Ol  L  LoAO/A/Q^ 


VERTICAL  /l£ACiti/£  fo/c  LoApy^Cr  To  /lEJifT 

OVBR.Tty/Z/WA/Cr  MomE/v-t  RAO^ 


THAT  Th/E  Woo  K  \LO/hP/^(^  OCCURS 
Isd  y'^CH/Es!  heo\/a  ihE  ToR  o/=^  ThE:  fa/p. 
u,^.  i  h=t-  jLjW-JJE/*^  /A/TSAFA^). 

7/t<£  ^oo  IC  //^OUCBP  OVEflTUA/\//^C-  /J: 


^i/l  ^  ^OO  xC-^IZ13A6  ^  AOO  K(G  +  2je^) 

\  AA  ^  3 

^  iM-3G'73  Pt-K)  _ 


ISml 


{^1.5 PS  i</p^) 


_  z.5P8,3Q  P/p^-t 

^  P6.5- 

W-  2.548  K/P-t  I  /'//£> 7<£  7P/IT  TH/S  oi/efitru/iH/zi/P  MOMSPr 

- -  \  INDUCES  VBfl-'f  Low  son-  P/ieSSORB.:  , 

%(5Tc  TH/r7  9.j?p  FT  //  THB  ePPS-LTlI/e  tCLewTRlcny 
/A/  THF.  AAOP-e  S£'/5P-F.  'VAv  Soil."  CBf£. 

TPS  EFFEjlTi^S.  SCLS/^TFLC/ry  Awn  CoRPtsPown/wc 
VEPSICAL  TO/L  LoAO/wO  ARB  RBDUCB/3  /W  "Tfre 
LBJS  ECCSATTL'C-A-i-crS  S£.i/£fl-£  so6A^£RCrej7  Son.  CAfB. 


5 


.OAD  RESULTANl  GeOMETRV: 


♦ 


c..n.cn-  R^ACJIOrJ  PAD  LOADS 
AND  5TRES5  RESULTAfi/TS  (N ,  V,  ^M) 


vi) 


“fji 
1  tm- 


CP  ^ 
^ 

O  ^  h 

‘  vX> 

CT)  ^  ^ 


5> 

P15 


s' 

w  Nocn  <S 

CT) 


w  —  ro  Q 

VO  cJ  Qo  ^ 

/  o*  00  r“  V- 

O  —  <vj 


^  SL 


I  § 


vj-  '>n 

^  n 


^  o 
,9  04 


.-Ci 


cvj 


1  ^ 

cn  cM*i 

fVJ 


^  i  ^ 

03  r 
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-872  Fi- 
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♦ 


PROJECT 


/  VtZh 


rmaam 


SUBJECT  P^^ACnON  PAD  LOAPS 


NO  STRESS  RESOLTAA/TS 


STRESS  RES^LTARTS  IN  KEr  ROOT/NG^'. 


Assu'^6  taat  7m5  /iBUiTtiy/i  sr/PtCA/arrer  such  tmt  tp-e 
*^5HBAP  INPLECT/ON  Line  {zero  SH£A(^)  OCCURS  )N  TPe  R£y 
wall  6"  above  tab  Top  oA  the  FoOTImC.  ^^2/1  Y-l^^ 


"'F 


4.5 


L 


(55) 


J'{.Bl‘=il  +  l.oti'i)  X.5X4-.5  =  USA-  K  xi(4S)=^4lBlS'  Ft-K 

yz{i.ozn+/.nbi)  I  =  5.DSS  ^i.is-nseL 

f.l3A-‘)J  X  3^4.5  =  l.<2zi  *1.25  T  A.oB’7 

?  06A-  K  <SZ.15'  -ZO-SBEf.  p^./v 

_  .  (Z7") 

W  =  9  /  y  IFOTB  that  l/fi  ^  Ms  WAT  VAPy  ACCOAP/ZVC' 

- ^ - 11 -  j  To  WHE/Z£  7>/5  Acru^C,  ZS/CCJ  S/^SA/Z 

Me-  ZO.^  Fi'fC  \  LjrtE  (cunuEry)  OCCURS  //v  THE  KSY  WAc<^,j 


55 


fmskw. 


reaction  pad  loads 

Aw  STRESS  RESOLTAa/TS  (/V,V.(M 


51 


Stress  /^esl/l  /  aa/ts  /v  ( unj  r  wio  tu  0/=^)  jcsy  wa-c^ 


/A/  yop  fLA{p  Aj  J/vo^ce/p  Oy  K/Sy  WAL^: 


UNJT  (^ONE  Poor)  W/OTH  OP  SLAB  JUJT ABOt/B  PRY  WAU: 


5^^ 


OP  KBy  WALL  BELOW 


LAB 
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PROJECT  / 

ibi 

5UBJECT  RtACnON  PAD  LOADS 

PKTI 

And  stress  Res ultaatj  (N,\/,  ^m) 

6 

-OF- 


6 


IN  TUB  Key  wall 


V. 


LOAO 

yi(.ni53)xl  ^3.5 
^lOAq.  X/  X  3-5 


_k-s 

5(312) 
/.252  K 


^  .7/5 


/  ->  X 
1. 


3.5-- 


£(Zi3) 

Z.'rZ/  /v-/c 
).1S1 


Vk-s  =  2.0  X 


=4.2.  PfK 


K  &Z.IZI  =  4'J75 
(£5.5") 


//V  74£  /4<gQl/£  TAB  WAll: 

2.  =/K*cj-+  (■^) 

-  4(4.17  /.'79}=  2.04  ;=n:-x 

/Vls  =  £.S  Pt-K 
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PfiQjerrr  L  V  P'T  __ 

ffWn 

REACT! O/V  PAo  37PE5SBS 

n%rw\ 

1 

-OP- 


c 


RE3AR  STBBL  r  Assume  rmr  jr  wiuur?^  ajLLar 


(^-RAOE 

4o 

GO 

II 

70 

40 

7o 

(3O 

’9.C) 


(  Enne/^  or  So-jy  g-mobs  mav  bb) 

\  USED  AS  APPLKLABLB,  / 

7aA/s/Le  srnBNCTi^ 

/iBLO  j7/ia/^(r7t^ 


ALTE/imTBJ  jA/CLupE  TUB  AAfC  Al^LE  S7£/£LS  : 


/4-^y^  WHlC/4  H-AJ  ISAa/T/CaC-  TB^/A/Le  fTREA^CTHT^ 

y^euo  STREP/ OTAJ^ /PA/rp  ECo/vM-T/OA/f  ///  CrPAi?E^ 

An/?  /OBa/T/aau  TE^ffCE  S7/tEA/6'7HS 

fT/lEA/ CrTA-f  /A/  SRA/SE  Go  0/VLy  JB/OMTZ.y' 

/7~S/7i/cEp  SA-r/o/\/j  //v  TAS  S/^^^'OlEA  BAn  S/iaj). 

WRfOA  HAS  IOB/zT/cac,  'T6//r/LE  sTRBt^GTAf  Af^/2 
y/ec/D  fT/7e/vC.rAf  (3(/T  S/ GA//A^/C^4A/Tcy  RS/:fucE:y  \ 
EL-OA/CAT/OP/S  )  ///  (rA-AS?B  ^  0  - 

A/S7E  That  /T  aa/  a/o  r/iahE.  4o^  B^^t  /t ma-a 
/Hz  /A/TERa/iS/O/aTE  CrRAr>B  ro  (90^EoRsc], 

All  fTEBL  [/t\iCLuO///(r  RE-ijA/i.  Af/O  fTR L/CTTURAc. 
/ZoLlEO  ;HAABS ^  ELA7e^  SARj  TUEE^  etc..')  ArruAne: 

^^J<ss)  ziAO/Pl/LUJ  OP  BLASTIC/Ti 


£  ■=  2-? 

V  ”  .3  Poisson's  ji/aj/o 

Y  =  ^<ro  ^/p/)  \JSEJGHr  PB/vS/jy 

(^/’'p')  COBBAiC/Ea^T  op  THBa/^AL  EyPPA/ f/a^ 


-6 


c<  =  G.S  ^10 


^/VOTE  That  THESB  AlTBP/vATB  rail  Ano  AKLE  TTEBlj- 
/4PE  p/OT  &B/VBRALLy  REAP/iy  A^AilAELB. _ 
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♦ 

Co^cRt'Te: 

ASSi^MS  That  jt  will  S/e  3000  prc  CowcnsT/f ' 

3OOO  (psc)  ULJlMAlf'  OAy  Co/yiA/l£fr/l/£  ST/ZS^CtTh 
“  2Z0O  {ksc)  MoOwll^s  op  BLAST/c/tv 
v^-.l  (r)  FoiffOAj's  /IA7/0  ^\5(>poo  pu) 

\N^-I^£-  (:^//^?)  \wBiC'/4T  DEA/f/7V 

OC^  SS*IO^  (  CoeppiCz/E/vT'  OP  TM£/lAnAc  EyipAf^TzOA/ 

/I  =  9  (p)  RAVo  OP  /VioouLt  OP  Elajt/citv 
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A 

PHOJECT  '  ^ 

▼ 

e.m.e^  REACT/OA/  PAD  5rR8SSBS 

▼ 

(g»  section  a  :  {SEB  p,  8-1,1,  3) 


C 


/VOT£  TH^T  THIS  U  THB  CTITICAL  StCTON  FoR 

/M/4  X//v^ PoSfTll^6.  OMEA/  i  that  /FOUCjSS  jH£ 

TBA/JfLS  LoAO  /P  the  AB^3ARS  THAT 
ARe  /A/  THE  STE/ui  Qe.  LOA OyTUfP//VAL  RB-BAX^S 

//V  -TPS  PooT/^Cr),  ^ 


THeT£FO/ZB  77///  JECToa/  C-(j\yBRRS  THE  MA^/AAUJ^i 
Amou^'t  op  spsaa  fS'BAp  stbse  /a/  the  /iea<t/oa/  Far, 
THE  LdCaVoa/s  op  The  ‘'cut-opp‘'  pajA/Tj  WmE/zb  tub 
stem  /IB-pAn  Arts  A  BE  /^~E,7UCSO  MAy 

OFTA/a/E/0  O/ziEcTLy  PAo/v\  TH-F  /Vio/y\Sf\/T  P//(-CA.A^^ 

THE  A1AY/MO/v\  SHEAR  ALSO  OCCURS  AT  THIS  SBC T/C?^ 

(Af  well  as  at  SEcr/OA/  S),  TH/S  MAX/A/iua/{  shear 

&£A/BRATBf  TAB  AlAX/AytU/ut  SHBAR  fTABTS  SH  THE 
JTBM,  THBflSPoAE^  THb/E  JEC77oA/f  CrO\/BA.f^  THE 
THfC/C/VBSr  OF  THB  STpA/t  /A/  THB  REACSpQ'^ 

Also  A/dTb  that  the  a  at/m  u/^  Ay^/Ac 

COAAp/lEff/H£  STPBJJ-  /lEfULTA^T  (^/vj  ALSO  OCCu/ZS 
at  tao  fec-r/oA/^  TH/S  A/iat/mu/^  h  (^/aj  corjua/ct/o^ 

W/7/i  THE  A/IAXyMU/^  Pof/J/iyE  M  Ea/T)  E7E/uBRATBf  THB 
AAAA/MU/^  CoMF/LEJJ/t/B  fTABff  //V  THB  CD  A/ CASTE  /M 
THE  A  LA  MCE  (TLHe)  ^  How  BUS  A  THU  U  OP 

Ache  Em /c  /a/teaest  oa/c'^  Eeca-u/b  the  /ieacttom  /R4o 

\Ay/LO  INHEAEMT(-y  JSS  H/OPLV  L/M^/BA  AB/A/POF-U^  PU/z 
To  THE  MHST/I/Ea/B//  op  the  C-Oa/C/^BT/B  ,  UEmcje , 

THB  CowOT-ETE  fTABSfES  W/LL  /A/HBABtUTCY  EB  l/BTly 

Lo  • 
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OO  & 


♦ 


ciia.icrT  REACT/Of^  PAO  51RESJES 


BSCAUSS-  JH£.  CoA/aiBTiE.  STRBJjeS  A/l£  VS/tV  i-Ow/ 
A  "CAACK£0-JBCT/0/v"  BLAi77C  Aa/zU-Y/ZJ 

(^'l/z5S  A  /ZSAfCA/Affcy  (>oo/j  op  Th£ 

S7Auc~nj/iAc  A<LT/0^.  COA/S5 (pt^SA/yLYj  Th-/S  f£.CTAo*^ 

WiOL  ss  A/^Aaf^AD  TH-e  ALJe/i/^ATB  D/ES/C-/^ 

MBTHOo  (/p.  \a/o/iiyoa/o  sT/ieff~oef/i!^A/)  Aath-£/p 
TAA'M  "7(^/5  S  T/^ £/^0  TH  PAf/C-A/  A4/^ "JU QQ 
VL-nMATB  STrm.vir-H  d^j/czz  ).  (  ^c_j  3/g  c.6D6). 


AunineAj  The  CoA/fhnaffjOA/  srsec  will  oc  coe\/sfpe/i^a 
To  ee  BAfecXi^e  0//LBcTC'v  WiTh  Tt^-e  WtopuuAiZ,  fU^no 
(Th^AT  /s  STPAff^  COMAAT/S/UTy  V/lTHOUT  Lqa/C'  T^/Zaa 
C/i^ep  fuBr’ACre)  ^  7}h/  T  bbcau/b  //i/  ta/l 

AA<?  Tab  VBA^y  fAOYLT  TB/Laa  UUB  LOAO  fTABfXBS 
MB/iTY  POAA/AATB  QYBA  TAB  Lo^O-  7BAM  jOSAzO  Boap 
fTABff^S.  TA/J  Co^TAAfrr  To  USUAL  Coa/CABTB 
STAUCTUASS  //V  WMiCH  TAB  SJ^APy  TTASB  BPAC 
TBA/^  UAAU/Ty  J/\/pUCB/p  /PBAo  L.0AO  S7/LB//BS 
JTPAyi//^A7B  OyBYL  Tab  Taa^/zB/ut-  B/iub  L-oa^cp  S7/Z£.frBf. 

A-CCou/^T  BOLL  Loa/L  TB/Laa  C/ISB/O  /A/  -m/B 
CoAC/LByB  TAAA/jBBrty^C-  Loap  To  TfhS.  J'rssL  A^YLann 
TA/L  CoACAJS^B  Q\t.  BrSBA/T/ACCy  flBLAYATJOf^  O/^ 
0/S^LA<uSaaSa<T  CoMAATfe/L/ry  SST^CBa/  tab  COi\/CAB7€ 
/hyo  7?^  f7/BBC)  P-BCOM/y/iz£A//7f  UfBS  pay' 

AlM  TAtBz/I  BOuA7^0A/f PoTzH  AOM  A-^O  £Py^) 
DouOlja/C  TW-B  fJ/lySTJ-  BSiYBL  J/v  7HB  COM  ArUBYPo^f 
STeSc  BA~o^  That  WAfCM  WOULiP  0<L<^u/t.  BAS  BY?  OA/ 
CP'^  AA  7AA''C/  ry^ 


LTOf^SBOuBA/jLy  7h^  TYA^fhoAHBn  SBcT/oh  Atiba  op 
COPlfpJBfS/C/fij  f  TBBc.  (P/LL  OB  AASBP  P/^  ^  (AS  J7  /f 

Aon  TBwr/L/z.  stbbl)  /pstBap  op  1A  (}r(o^n-/)']  As 
/T  /S  Pyy  Thb  A<.I  CdPB.  H-Ba/cB  ThB  CooB  P^Bn/l7B:o 
Sc?UAT/OfyJ  U7/U2J^C  COMYriBSJ/OP  h'BBL  CAy/M6Y  BB  UfBO 

Oy/t-Y^'TL'y  VyHlAcuT  AACiOZPi<LATI  (/zi/ . 
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\  THS.  QS'O  /=k  K  /Mo/^Sa/T  (P  fSCT/OA/  a  /J  ^(pL//(/AL£^r 
fo  A  COUpLe  CoA/J/ST/^C  0/=  A  PA/P  OP  SO 
OPAos/Tp  So/lces  Pir^  ^9 /A/CMej- APAttr 

^^/r/ACL>j  t/^aT  tap  CoMP/iSfr/^E  Popc/£ 

/A  PAP  poA/cruB'Tp  (c )  Acts  At  a  o/jta^cs 

4^  /PCASS  BaAO\^  Th-P  top  SU/IPACC  OP  TA/£ 
COPCpieTP  /la ACT/ ary  AAO,  APA/CS,  TPS 

co//\priPSff\/S  Fopjce  )a  tap  top /^ysA  op  fresc^ 

/A  TAS  PtAAOP  CtcapJ  (c')  fS  Co/a/C/PS/O^^  M7(A 
TAP  Fo/ujE  /a/  T/t/E  COA^C/VSr£  C^) ,  FUATUep^  7A£ 
Bottom  cArs/i  sresc^  /p  tap  (sl^/s) 

)S  Cq/^c/pSvT’  }^/rH  tpe:  az/sutpac^  Ay/TiWA/CA 
JS  AT  A  DEPTA  (kd)  OP  )T  //^CMBs)  So  THAT  TAE/tE 
APE  AO  TEAfS/LE  OR  CoAApriESStve  For^CES  //y  /T 

FOT£  TAAF  7A/S  ASSU^\BO  /^CATJO^  Op(^  BoTA 
Ss^pupjEf  TAE  /p/r/Ac  AAA/yr//  calculpt/o^  A^/o 
/s  A  VEFy  /£^T/OA/ACLy  AfSio^^Ep  PocaT/oa^ ,  TAAT  /S^ 

FOA  4  /3SA^  SuejEar^A  To  PURE  FtSyoRE  (with 
pc  ApP/7/O/^AC  TEa^S/CE  or  COMpnEfA/t^^E  AV/AC  LOAP/J 
A^T  with  A'O/UoiAC  A10/PE/ZATS  i/A/OEP/lS/typO/l^C/EAteivr 
TAfj  F/f/A'^cE  [ y^(/<J)3  ^ouur?  BE  ABoot  A'to  id" 
f/c  Ao/^iAAccy  about  r4  TO  =  8.75^]  (  WHERE  AOPiiA/A<i.'rz 
A  =  % ,  =(/-  ^ =  -Vff ) . 

• /4  PEC/XEASE  //u  /lB//vPoAC£/^/£/^T  Aa^p/oR  TAE 
AOP/T/oa/  op  Aw  Ay /Ac  TEwS/ce  EoaP  TS/^/PT  To 
flEpucp  yHESi  P/fTAwc/S  [of  {C)  ^  [PA[}/?Elow  Tup  So/'FW^. 

^  Ar  ///OVzASE  /W  AE/WPOrUJ5wiEwT  /Hi/w/ O/L  TH-E 
APP/T//'^  of  Aw  Ay /Ac  c,o>^P/OTSf/oE  LoPrO  TSwAi  To 
JWC/IEa/E  THSre  P/fTAWCEf  /SECOUu  JAE  ToP  fUPEAcE. 

FSPE  //u  TAB  /ZSACT/O^  FAo,  U///S/<PS//uFopC£/^ERr  //ommat^ 

ouep  THE  so/v^pREfr/uE  ao/^ceM  Awq  The  a"  Ar/v/^pyo^  n  /Sooo, 
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♦ 


PROJECT  • 


■•li 


SUBJECT 


REAC7/0^  pad  SmBSfBS 


H£NC£,  AT  section  a 


BASBO  ON  lua  A)J^NiPVOA/ 
TH-AT  JHB  Net^rriAri^AYiS 

LoCAien  n  "  iSBLow  th'B 
Top  suP^PAae . 


48  S8 


concrete  Al^ALWS 

DlNiENSJONS 


L —  REEERBncb  oiN\aA/s/aNs 
reaction  PAO  DIMaNSIQA/S 
BQOWALBNT  STRESS  RESfSLTAi^r  RIMENj/ONS 
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♦ 


PBOJgCT  >  vcr 


SUBJECT 


REACT/ O A/  FAp  ST/^/SSJSS 


HE:MC£,  /M  T£/VS/L£  57aeL  jn  STBm  (PooT/fvo)-. 


~f  —~r  ~  =:  Inn  'i  ty  TPt,i  <"//  A  /  />  yir^ 


-ISO  =  /27.3  K 


A^' 

r  _  Z__  I2S.3  _  X  m  V 

4-j  ?.36 

r*  \  ^  / 


4-j  9-36 

g  _  £-‘-  - 

-S  X-TX/O^ 


TEj^S/LS  Load 

AREA  Li  AS 3 A  AT) 

ISA/f/CS  /  7/2^/j- 


=  ,000 Ai"!  "^//N  £u>/^6-A  uo/^At,  STAA/i^' 

@ 


ANO  M  PLAICE  {slab): 
C'  ISO +  1X1.3  '277.3  /< 

o _ .  2  S3.5 K  ^  _ 

6xl‘^9  S6^  lP~ 


Total.  CoMpfissf/ve  FoA<-e 
Coa/CAETE  STAESy  y'fiLUAi/S 


X  -  ^  coNoieie nn-e^5 (^SQn/^Ac&, 

^  B6^  ‘  A^SUf^fA/C  fM4<jL^  ^3.S>fc) 

=  -^  =  ?  ,%7,3  =  .OooO’T  68  /mAn  MAl^  C0/VCA£T£ /mALo- 

^  £t  3.IW  /  Q  •-  / 


^3r"  a 

4;= 


E.=^(2)  -  ,oo0j  ou  }i  /V/-/  / // /i^/A/ 

^  ^  (i)' 

=  ;.77t  sjest-  srnsff 

X  .nj  —  /3$3  S/EEc^  /AriEA  ^ 


K  ^  coMe/i6yfSi\xe  /tssl  force 


ChECIc  TAE  ASTUn\P7ION  THAT  (c)  If  Lo<^Ter)  (g  ^//K 


/<Jr  J^3^E5  xlo  r  \//  ASf(^MBo  Jl' LocaVoa/ 

pA(kJ)\  '  ^  3F/6  "  I//  AETUf^Bo  LoCAr/Oi>y 


VS  MfU/^ Bo  LoCAT/Oiyy 

HBA/CB^  tab  A-'' A^EUmPT/Oa/  WAT  VBfiy  CBose  AnO 

JTBRAT/PB  flE/T^BAfB/^T  /S  AOT  mCBSfAav,  Ao^BuER, 
OAfe  JTSn^'TfOA^  GE  OOA/^  Ao/^-  /AAAon^ATiON, 
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♦ 


/  /c-r- 


SUBJECT 


REj^C7/0^  pad  stresses 


HEJS/C^^ 

AT  A 


FIR5T  HER  All  on: 


3.9>r 


CON  CRETE  ANALSSiS 
DliAENSiONS 


^ -  reference  OmEMS/ONS 

reaction  pad  Di/v\ENf/o/vs 

equivalent  stress  resultant  PIMENS/ONS 
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♦ 


react/ O A/  PAO  STPBSSej 


HEA/ce,  /A/  TBa/S/le  sraei.  /n  stem  (Poot/a/o)-. 


s^SS.'f 

T  -T^'^ASO  =4-:^P^K  7BNS/LB  LoAo 

A^=- l-Sk  1^^  -  AREA  Li^H  /issAn-s) 

_  f  ^n.ss 

=  :Ar  ~Tjr-"  ^ ’^TC 

ri  ni.  ^  A&'>  , 


r  n  4,  ,^67 

6.=  JA~s  —a — j"  =  ooo'AiiAr  //N 
s  E.^  ±<7  >10^  ■ 

ANP  ///  ALA^c-e  (  tups)  : 

~  ITTT^  -Lnb.es 

C  =  /po  -hJAPrS  =J2AP^  K 

'/l  -Pc  =  ?- 

^‘T  ^  -iiV  1^'-'^% 

^  _  _ S _ —  r^  r\  <Z  A  /  A  7*. 


,00O^^U^  £LUA/MT/OAf4c  ST^LA/^r 


Total.  CjoAAFTlSJfJve  /=0Ace  ! 

j 

coA/aiere  ST/isr/  ^/oLujvtts  i 

I 

I 

//JA)(  coNoiaie  fTAeu 


^  =  3X^10 

X''—  ^  a' 

%  ^57 

CT-Tp^sr 

e,:  =  #„ 


A^^UtAf^C,  CT  )s 

A*/o  Csq  /T  \T£Ay  Spuu.  /:^  .Slk 


2  =  ,0oo  o.^4jA8-  /y/v  AtA-l^  Co/vc/Leie  fT/ 


2),,, 9,  m.LAy^, 

^  .00 0 ,  oj,A--rz  )  /SSL  XjNVA^At^uEJ 

=  Afrr  Ksc  57BSt-  srnsfj 

•=■  I2^Z'^ T  7£&t- ArO-SA  (^'^  ^  "^1 

ir  OAri^  K  ^  CDMF/LSrSI\/€  T7SeL  PORCS 

(T)  noTTOAA  LAySfl : 


X/  -B  6^  “  ^01  K-U  >/tAA:-C  i  //<tAJJ 

^  jrj  X  SISSL.  A  ASA  Qn  ^C) 

r  ^  ^1*  .X2-  /<  ^  TBAff/ce  rrssL  Poa<as 

CABCic  TPS  PoACS,  //V  THE  CoA/c/lSTS. _ 

Cc  -C-Cs'^-  c/^  -  Z-ni.BS-tPo^-^-.SZ  -  253.3  kj^  f-  OK 


=  ,000,00  //v//v  ije&L  /TAA/a^ 

OT  /<fi'  ST/lEXX 


TlSSi.  STflSff 
nsSL.  MUSA  (n 


=  9. 


SlSsi.  A  ASA  (^in  P^C ) 
TSA/fTi^e  fTBSL  PoA<AS 
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♦ 


PROJECT  J 


SUBJECT 


aEAcnoN  PAO  ST/lBS/BS 


SIERIP'^  7HAT  (c)  U  Located  2Ei“ B£Lo\*^  Top  suAPAce.-. 


kcL-  k^'^O  =  H.ILl  (wiTAfrv  .on’  OF  l1.70o") 

A,kJ  -  3.907  //V'  {\NnHlN  .001" OA  3Boo") 

jB  -  jy  TO-  66.093  IN  I  s^ciufC  /T  AJ  TO  W-T  f 

CSNT/^O/O  OP  Q  OA/L^  [/voT  CB/^lfLolO  OP  C.^ C J ^  J 


-J67,4S  H 


A/0~TM,  TMAT  TPe  fTPSff  VAi-uPf  Of^  7P£  //v/77Xfc. 

Affi/MP770A/  that  (cJ  Occi^rLS/y  /FP CO ^  TH£  ToP 
TL/P-Pac^  op  THP  /LSA<-TfOt^  PA'O  CB/tTAiA/cy 

A<c(yrcAre  3fvouop  /y/5-cAH/jB.  T-^Sy  OA/t^y  cpAf^ceK;^  sv- 

•/\-eour  5~0  pp(  pop.  T^e  TBPS/cP  TTPSc.  (h  fSAo  )3SS’ i<^scj 

*  PS  OUT  8  fyi  Pop-  TAe  CotucpEn’P  (/e  Z?3~^3o/  Fs<-) 

/P  Tpe  p/pfp  (A-^^  p/A/Ai-')  JTPPAT/OfU  ^ 


//V  SuMAAAfLy  S/BcTio^  A]: 


TPB  f  TP  ess  /H  Tpe  Pon/cpeTe  /s  about  \ 


=?  3oo  PSC  QIC  (0^  22  %  OF  TAB  /A<S  Almo>a^apus  ') 
- [  fTi'i^SS  OP  AT  A'  -  ps^  J 

Tpb  S7nes/  /p  tap  tbp//cp  sreet  /s  apq  qt  - 


-f  -  )3X  l<Sc  fo  oic  68  %  OP  20  Kfc  (E  poa  Qi^eAc) 
— ^ ^ 5"^  %  t-A^si  \p^pon-  G(u^e  60) 

jpe  steeds  the  cqmppejs/op  STaec  //  Aeo(^T\ 


fs'-  /'S’  KST  So  QIC  (^No  CON cePN  WITH  LArEfLArL  PesTMiN-r] 

tap  spbaf  sTPBfs  /H  rpp  CON  CPE  re  //  Aeou'r’ 


FS7 


PRmPfrr  !  VtSH  _  _ 

k^IjNTA 

II 

—OF _ 

}KmJk 

Reaction  PAO  stresses 

CICD 

C 

wIVW 

&  SECTION  B:  (s££  p.  B-i,2,43) 


THIS  IS  7HB  CRITICAL  SECTION  RoR  MAH  MUM 
NECATME  MOM  BUT  THAT  MeuCES  TH-£  MAXIMUM 
TSA/f/iAS  LoAo  //V  'T^e  /Z£:-^A/iS  'JV-aT  A/te  /v  TA6 
AlAe^CRz  (/ky  Lo^/(^/ri^O/A/Ac  Rfr-SAAJ  'TaA. 

SLAQ), 

'TA^  MAY  /MUM  Ay /Ac  'Mo/imac  T/^a///l£  fTTlAfS 

/lA f (a/)  Also  occunj  s/mulTAMBousl^/ 

At  TA/s  SiSct/um,  T/sjs  /a/aucss  AfPO/r/o/uAt-c, 
'TBMpce  fTSiAffAif  /M  uAlc  OA  TAA.  . 

/-^eAfa5^  AT  ta/j  fe<cT/o'^^  -TAe  s/MMjLTAf^eouj 

Comi^/zvat/u^  oa  fc^)  Amo  A/iAy/A^ui^  [nj 

C^SmSA/aT/^S  T^e  AaAY/mum  t^ms/uz  fT/z^rr  m/ 

TT/'/f  (uPASA  LOM  C^/TUO/^Ac  fUZ-eAAf 

/M  TA'C  ALAA/(He  CJ4LA0). 

TA£R£Ao/^B  TM/5  sect/ 0 A!  CovER-M  THE 
Amoua/T  ELA'^^CtE  /lE-EArC  JTBSc.  /a/  THE  /lEACT/U^y 
PAC,  tab  LOCAT/OMS  O/^  T/y-e  ''CUTOEf''P0l/^TJ 
UuHEAUZ  TSEE  ElU^MC-E  EE-'EA/I  AREA  Ma-v  EE  /IEOUc.£l^ 
AlAy  BE  o/STA/a/e/O  D/RScrcy  PRoMi  eatE  A/^c/^E/ur 

p/AC/lArATi^ 

TlSE  AaAY/MUaa  COMpAESr/UE  STRESS  /A/  THE  CO^CRUtTE 
OCLU/IJ  //k  THE  STEaa  (/^00-r/^^J  AT  TH/S  fBET/OAy 
OUE  TO  THE  A'^fSi'S/M U/^  A/ESAT/UE  A/\0/t/tEA/T.  /VOTE 
“TAAT  TAE  MlAy/A/iUM  TEMf/LE  /kc)  \m/cl  TEa/A  To 
/LBOL/OE  THESE  ComC/IETE  CoMH/^SS/t/E  ST/lEJjSS 
SOME\MHArT^  /5(/r  THes  WILL  STcc  pE  MaY/mum  HElle, 

“7>^£:  MAS /mum  shear  Also  occurs  at  th/s 
SBct/oa/  (_as  well  as  at  sect/ la/  A')  ^  Aou/Buert^ 

/T  W/LL  EE  Wo  RE  CSC/T/CH(^  SH  TSfE  STE/^  AT 
f/EucTTo^  A.  SEE  SEcT/Oax  A  P/fCuSJ/Qf^f  fOR  /TS  ^AHEc-Tr, 
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f 


♦ 


PROJECT 


SUBJECT 


7  ytp 


REACTiON  PAD  STRESSES 


CONCflETE  COMPflBSSI^E  STRESS  VOLuMB  DiAOfiAAn 


VOL^  Pisr  ^  /^OM  _ 

/  n  (  (xIL) 

J5SS  ^  i  -^331  /3^2  I  ,  /  ^ 

i/^.}l^n^3C=if’7i  -lo^HZ  I  -  t~~7^  i2.(*36) 


/5-.& 


415/ (?4,'55'6  =2 /,<><$? 


/Z(*36) 


kiZH  k: 
k/5.6^ 


ExPRBSf  All  fTBBL  Fokcas  /''>  iBFms  of  Ttt- 


=o  : 

6.n.o^‘f  Tfj-F s-^.o‘F^T^g  -LofacJ  =  )AZk)t.2F>A‘F 
On.OHA+F'^.OoLx Trr  "  ! I1‘3 P ^‘*- 

7>^  =  /'72./r^fc  ^ 


=  m.is l<  ^{n>P‘y)^  /<4  =-X, 5 

-c'=  -zk^'r  /<-r(6W.5'0'  Z^kS  -f'  Bt%Oov- ,ouo^os^o  -6/ 

£  @  I  (B)  I  ® 

C-//^-'21  /^ £  ^  [^j(lts:SLOU< 


EQuiuiOfLi 


C  3ASBO  ON 
^jnesr  3L0  c/< 

l/OLU/vie 


yjg  5- _  £.  xJZoo:i.4?67  /<5t  =  -fc^(7l^)=  //‘?:ey<=  c 

SiF±^_@  6F)  I  21  (56) 
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♦ 


SUBJECT 


Rbact/oa/  fag  fTABsraf 


TFB/LE  //  By^caLLB/yT  BSTi^eBty  the 

CoNCfutTB  coMPna SJ )  va  por^ca  C^)  on 

'Tp^r  BAfBo  on  Smass  aaac^ 
VoaoNB,  'rH'Eaepo/ijE^  ihb  ^/£(ornA(-  Ax/s  /s 
jTS  FAoPaa  LOCA^'T/O^  /4r/v/p  All  XMiB  cal  Cola  /BOO 
VAL  oes  Ana  val/o. 

A/otb  THA'^  /P  7AE  CoNfF/uEr/Ji/a  po/Loa  CO  BA/aa? 
ON  f7/isry  Flou^  VolumB  U/AS  LAA-P£A-  IVrAN  taat 
Aacs s sA/^y  Poll  Bo^iL,iaLi^Li^A  it  woul.o  meat^ 
TPa  CONCO-BTa  J'TPA/nj  an/p  STLLEfEES  WEP/L  Too 
AP-LE  FacAujB  TAa  //a  o  r/L/4-c.  Af-y/J  Oi/A/  Too  PA-/L 
P/Luf/x  T/ra  coNc/LaTa  coAAefLar/ft/E  fuPPN'<-{z. , 
Co/yfecpoENTCT^  Tab  A/aiPrrLAL  Ay/r  jaol/l/p  be 
JjA/AtE/O  NSA/Xa/L  To  T/^E  Coa/cA-ETB 
VfCB-\LBPrA  /L  Ta'B  ST/i£f/  voLxP/^a  /r  J/yiALcan. 

T/AAa  TA'B  CQ  * 


///  SuAA/yiAriT  (c^  fBc  //ON  B)  : 


TAB  fT/Z£f/  /A/  Tap  Comcfbib  //  about: 


z::AAO  pjc  Fo  OK-  3l  OP  Tf^a  Ad  ALL0WAeCE\ 
- -  V  STE/Eff  OP  AB  f<!  =  pp<^  y 

"THE  5T/ZBSf  /N  TAB  TB/yfALB  /IB'/EA/I  fJEBL  //  A/E Oot: 


-P,-  jP.3  Kp7  O°o0k:  (c^ll  %  op  To  Ksc  (PsPo(^  (AM/i<H, 

^  \o.^u%  OP  TP  ICS L  iP^  Fvt^  <r(lAO/i  Go, 

TAB  S7FES7  /Af  ThtB  Co/yipLlBSflON  TJBBl  //  ABOUT : 


°o  OK  I  Po  Co  A/ LB  AN  About  LA7Ea/hS\ 
V  paf7AA//^-r.  / 


-fy  -  K’ii 
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♦ 


PROJECT _ 


suBJKrr  R£-ACriON  PAD  STRESSES 


stresses  HY  key  poor/fl/<s :  (see  p  5-4^ 


I  I  v=9./  /<  y  c  I  i  1 


& _ - (s.y  -r-  j  A  A  6 

Z4  /  (2^,6)(28-Z)^^  3t-30  24 


1 


C(xx) 


VALOBS  mb'! 

CALCULA7BD  } 


4/1  n  ^  /C.4/ j  I  ^  j 

=  ^  ^^5  R£-Bai^ 


£s  _  IT, 000  _  <}_OBZS  f-)  MOOl/LAR  &A7/0 

^'IZ'  ~  ® 

p„  =  ©»@  -  .0/%S9  (~)  STIPEA/£SS  RATIO 


l<E  -  5.4/^  IR 
(Sb 


pn  =  -  'S)' 

k=\l(Ph)-iPnf'-  (/’*’}  =  .1^5  P) 

=  .;?602  (-) 

'■  © 

J-l-%  =  .9398  (P 


K  kd-  I.80S  M 


=  9398  H  jd  -  Z3.I95  /a 


^.4^  ‘B.M3  K 


do]) 


'  Jd  " 

z's.ns 

_  T  _ 

8.693  _ 

.7? 

II 

■i 

V  - 

‘^/JOD  _|" 

•46%  OF  Kd  For  (rO  Goi 


-  rsi  ^  00  0l<l^Z0  7t>  OF  )3£o  psc) 

d t  r\  ^'\  V 
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♦ 


SUBJECT 


REAC7I0A/  PAD  STRESSES 


STRESSES  IN  KEV  wall:  (see 


(.66) 


XX)  values,  are' 

CALCULATED 


P^T3--  ®  '  /.«s®8- 

_fi  _  29,000  _  cfo(>15  H  RATIO 

^  ~  '  3100  "(g) 

/0/1  =  ©x®  =  .03d3^(-j  SVfAA/aSS  RATIO 

/ — —  ,  <S1> 

.Z4/Z  {-)  kd-3^6  IN 

f-,.  /  T 


i 


k^Ji{M+iPi'f'-(P^) '  H 


■  .9«.  ( 

T  =  !~=d2llJl.  -A-.-UL  k 

Jd  11355  0^ 

f-X^  All.  ^[TAkuTI, 

's  As  .66  _ 1 

£-  ‘^Z  ^  22^  PI'--  =Zc 

(7^ 


VVi]  -  .oeo-3  hkd^L&A-S-iN 

®  @ 

-  .9/76  H  jj  =  /y,9f£-  //V 

4-2X/2  ^ 

7-^  -A-.ZK,  k 


c^^-r  I  o  OK  /~32%  20KX/  <to- 

”  ^  ~  ^  °°  l,*Z7%  OP  14Kf<'  60, 

-  ^  P/c-  =4:..  O  /-  ,7  %  OP  /3ii>  P/4) 


i  Of  ZOKSl  (r0  4o 
i  OF  2AKsi  Go  60 


■V-ZL  -  =  /4-  P5-/  =  -v 

'^''pjd  /2x(g) 


OK 
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PHCLIPrT  / 


quBJETT  PAO  VNtVB/?fAL 


/^OU^r/A/^-  RAILS 


BY 


E2 


h 


CKD 


/ 

-0F_ 


D 


po/l  L/fUAL  Co^C/LSie  STAl/CTU/lSS  /N  Wl^iCH 

jrB£C  //  /A/  77V^  COi\/<.AJB^>€ , 

A'A/p  /-f-eMCit  TAB  TB/^ABAATiyne  AS  TAS 

Boa/casib ^  Tf^ene  Aab  ao  Paoqlbaas  with- 

P/PABABaAT/AL  PSTiy^PBr^/  TMB 

fTBBl-  A/WO  'TAB  Coa/CABTB  PBCA-UJe  TAB  STSBc  A-zw/D 

JAB  CoA/cnai/i  Hp\/e  aboi/t  jab  ja^>b  c^oeppyc/s/vr 
OP  TABriPj/K.  ByPA/^/jy/^'w. 


JhowBi/BP-j  JAB  i/yy/i/BPJ/U,  MOurwTz/^Cr  flAtLJ  J/w  TAB 
fUEACTfOzw  PAo  AA\/B  BypOSeP  PlA^OBS  JAAT  CAfW  SB 
AT  A  S/^y'yACAAZ7/^y  oyPAByiS/izT  TeywtpefiATunB 
JAAa/  JA/B  COA/C/l/BTB.  PAAT/CULAnLy  O/w  A  Jp/UPH^T 
Sty/VAyy  PAy^  TPb  TSb  pbpm  py^A/wPB  cjyw  obt 
A/iUCN  AoT7p/L  TPAyy/  TAB  Co/WCA^TB  yyw  Wt+iCH^  /T 
yf  pMOBoPB/y^  PBa/cb^  tab  ~7BSSeA/w^  WAA/rr  Jo 
PyPA/wO  BOA/PyTizp/z/AUJv  Ca^^  pc/w  LZpu^A/Xo  7JHE 

CpyzTByL)  WITH  TLBSPBCT  7'<^  Tyz-S  Boa/CTLSTB  yz^  U/HiCH 
/'T~  A  py^BB/yoBo  ^  poTB  T/z/f  //  wo  fyu?/?LBwi  Pop 

A/O/LA^Al.  yiA/Cf  /A/ /o A/  COiVC/LB-TB  BBCAWTC  tab  /lA-ZCJ 

APB  syA/*PLy  ABcy?  yw  Py^Ace  py  <^ySATf  u/A^<-/+  A-oi^^ 
~T/-t£  yiA/L/  To  JLJP  yo/wCr/TUpyw/zu^'y  Po^T  PPBVBywT 
TA'B  yipfcy  pyi^A/^  /Jow/wc  VB/rnc/H^Ly.  PowBi/Bpj 

T7-f-/f  yf  abot  Acywi/f/yABB"  pop  thb  yiwt-fcs  cpa/  wo-r 

fB/P  A/ypLBw  TPeyp  PLywc.T/onf  jf  to 

TTlj^/wfFBn  Po/^P/ropy/wM'C  BOPP/wp  ow  TH'B  Pwyu’ 
/DyyiBcTLy  Th£  co^cabtb  y^A<^TypAA  pap^ 

VO  fBCc/yiBcy  AwChop  THP  PAicj  /yw  7?hB  Cozvcp^tb 
yhvyy  As/upb  stp/hw  cowiPAT/p/z/ry  (^Ao  yyyy^PAAzr/ AC 
yoy/Py,A<p/*n/^r  &bT(wbBw  '7}tB  AAf<-  Awp  T-f'B  0)*/cyi^7£^ 
BACH  PA/cy^UfT  6b  SBCi^/LBcy  A/wCHoyLBP  AT  yr/  ys^pj, 

VTHf  /IScpiy/PSo  Bwp  AwcPofLAPB  JS  Atypyw/fHen  BY  JHB 
z  y/wCH  DfAyvieTBP  baas  at  tab  B/zo  oh  BA<fi  A-y^^  - 
THIS  AHCHOru-  THE  /Mvc/  f^n.  UP  70  ABouT  A  70  P^T. 
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PROJECT  f  VB^P 

py/J^T\ 

mma 

eiiDi».^  REACT! ON  PAD  0NI\/eftlAO 

MounT/^/  0  RA/LS  I 

Aopitjoa/  To  THa  z'^  BA  ns  at  bacm  B/v/n  o/= 

BACH  JIA/C  T-0  AnCHOA  TAA  rUHCS  TO  Th-e 
Co/yc/^Te  To  pR£]/e/yr  peLAT/t/e  Ioa/ (y/rt^D/A/A-L 
O/Sf^LACBAiB^T  T/Vrf  /lA^oS  /-IA/k?  77.45 

<^OA/Cn^’T£  P-AfOS  Aa/0  'TH’B  C0^C/L£7B 

Af2-S  /hT  p/pp/Bn5A/T  T£/^B^riAru/iss  'TAi^e.  Ar^ 


/‘^BA/:?SrP  fTf^oy  AJ-UA/C'  /lji.i<-  /o  'TP-A-uf/o^/Z 

SAS/hZ  TM'B  /T^fCj  Aaao  T/A5  CCA/CA^r£. 


1 

•OF. 

D 


TAsns  AnB  J8  pA/AJ  OP-  Vcp x  ($■  Aoo/i/n 

BAcm  /la/c  oa/  /o  /a/cm  cbATS/’-s.  A<-T 

AllOWA-$UB  JPBA/l  L-OAy?  PBR  PAfri  0/=-  Ju^h  A*i5.A/PSo 

STun^  //  Z3  P . 

'TM'BPJBForos  77^  S^-f'BAn  BoAi?  TPAa/JPBP  A\/A/LAfycs 
ABfi.  /lAK.  ''/I  /S^Z3  -  TA/coi^c^  THE 

LUCrS  Acoa/B  (_Mn/7/0A^Ac  CAaA</TV  ;/  AVA^tLABLB 

~TH‘AI.Oc/c~h  'T/'Bp,  2.  ^  3A//P  P~o/7f  Aa/p  poAjf? 

'TAB  S7BSb  S7SAr\  AA/O  TAB  C-o/i/cPL£7£^  Srrc.), 


7 AS  P/fT/l/PL/TfO^'^  OP  JASpn  7pLA7i^/B^/L  pO/l, 
TA£  ^OO  JC  TLSA(.T/Of^  TP-o^fJ  /S^  Coi^^nrS, 
SPA/pfc,  ^  But  7AS/£  yn-SABL  LuC^ 

CoA^SCTUyL^  f/-t0L/(.O  PS  ApPS CiPiBATS. 

/Vo7£.  TAtHT  tab  LArlCr£n  T aba  ft.  Pit  c- 

Sua//vac.7~o  rus  (Loi^t^pp  £S  IP /SB  Af  WScu^  AS 
AiTTSnA/PlS  SPA<-/p'(rS ,  TJ-iSfe  LABceA  Lu  CrI 

pt-Ave  A  CPPA(-/7y  OA  3 !  K  PA/B-  os 

^OA/APScrCPplS ,  TA/S  WOULO  rUSfUC'T  //V 

/Avp/Lppcs  /AS An  CAPA</7y  OP  TS^  A 

PSA  P-AfC  AT  TAB  /AmS.  /6 "  ZAAC/a/C. 
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♦ 


vcr 


c.m.o^  reaction  truss  loads. 

STRESS  resultants.  AND  STRESSES 


LOADS  and  stress  RESULTANTS'- 


NOR/AALUE  THE  REACTION  LOAD  TO  lOo  K: 
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♦ 


PnOJECT 


TVE.F 


eiip.iFrT  TFUJS  FOAPS, 

STRESS  RESl^ETAf^TS ,  AnO  fT/ieSfSS 


Reaction  truss  loaps- 


/VORMAUZB  THA  TRUST  Re ACl/OT^  Lofyiy  to  IOo  K. 
'Due  To  UBf^HC/^C  LO/vC/TUP/a/AL  FLAA/^  0/=  \ 

fyMMSTe-y^  ralf  tab  l.oa/u  /s  suD^Porzieo  py  b/^a  r/icRS.} 

^  V^e  /tom//\/Al  maximum  traust  loao  //  *72  k- 

•  iPB  £YT/ieM/e  MAX/mi/a/i  TR/^UST  Loao  ts  3oo  !<■ 

d/aco/val  5iRyT  /M  jABAcnoM  rnusf: 


I AE  peruEp  Ay/Ac  BcAAFoessii/e  /a/7EAu^a<,  (fmess 

/?EJUL7Ac^T  (a/))  15  ZV,  /  /<  MoF^AUT^SP?  Joo  /c  Lo^ 

24‘.9  \<  ^92  /<  THEuyr  Lqa^k? 

813  <2  7^^  /<  TH-aust  LoAP 

tab  OJA(To/uAl  STDUT  If  a  W  i^ZSZ 


TAB  ALLOWAe^E  eoLUc^A!  LoAO  PASE/P  Oa/ 
Allomarle  loaos  EAreo  on  'Th^e  baaecth/e 

COLUr^c^f  /LEN/penA/Bfr  AATioS  C^)  Bo/Z.  each  oa  TRE 

Two  0/VTHOCrOA/A<^  PfU/uiL^AAc  AXES  i  Ty), 

TAE  Ayn  which  has  the  lap  car  r 

SLEnOE/INESS  rLATto  ('4/)  HAS  THE  \ 

Lowest  Aleowapce  ax/ac 

CoMpriESn \/E  LoAn  AMxf  ,i bh^  — I 

T/AE/iEPotIjE  covErLAfi  ]n  r 

The  A-clo  u^a^le 


\1.S 


^  h 
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PROJECT 


TV'£/^ 


about  tab  JTA0/V6  (xx)  AXIS  (!AF] 

Will  wot  B-xcjbbp- 

[-PJ'  IPO  '  ■ 

ABOUT  TAB  VJBAK  (V/j  AXIS  (T/ 

Will  wot  axceso  ■ 

TAB  (yY)  AXIJ  CouBflPf.  So  PPB 
Allowasls  Ax  I  AO  coMpxisr/ii/e 

MAXIWf  Uf>n 

JTABSf  /SZ 

Fa  = 


I  '7  K7c  (^pun.  STe&t.)  1 

27,  /  !<!<:  C  Pon.  So  Ku  !r££Ls)  ) 

A-3i  FT££i-  Au.OPP^t£  Lo/w  /p  Tftf.  fTAut/s: 


Pa^  Ax  Fa  =  1-3  A  //v'^  /9-9  ^A’'=  ^^6  k 
Pa  -  IF-G  /< 

HS-pc£  tp£  coMPpefs/i/e  lqpp  //»  />-<£  rmt^r-  /s: 


/7  %  0/^  TP£  Pu-owA-Sl£  (at  TK£  p6/tyi/v£i-c  l.ax^a  Oi^  9t>^ 

/9  %  OF  TFF  AoiowAffL/c.  (jFT  TPS  PvfiM/taiea  Lmo  OF/vat 

5G  %  OP  TPS  AiMopPPcn.  (jFT  ThS.  /KAy/A«(/<*’  Lopo  oF^ooFj 
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♦ 


PROJECT 


..^PPPP^  RBACTIO^  TRUSS  LOAiJs, 
fT/^Bss  /iSfULTAA/r/,  A/>/o  ST/iej/ej;, 


SH£AR  STAA/CH/OA/: 

Bolts  wi-l  sb  flacbd  /n  ove/ij/zB/^  avlbj- 

(‘^-Ty  So  THA-r  TBB  LOAPS  B£ 

TAls<v  Sa/  OS/T-Bct  A  too  SHSAn.  fsi/ct/vm. 

7?-hB  Bolt  B as  load  TBA/f/ov  wh-l  bb  6-T-Ba-t 

s^/vou^-/^  'T/-^A'T  T/v-/^  PA-/  c.T/1^^  ts- 

/4/vy  /hSL^'TliA^  .  TP/J  //  f7A/^K?AALO 

P/ZACT/  C6  /A/  A/fC.  pOL-TPP  pfL/^T/if/^  UU /n/Tf 
USJ/^G  STANOAfiO  f7/i(ycru/^c-  PoL.rj  (/£.  P3%f  c?rLA^^o). 


A31S 

A^Jo 

56  /< 

80  K 

/5  k 

1?  K 

5BR  Vi  c6  L  OAOS  :  ! 

SH£Af?  ‘  (EK^ht  Bolts  4  /^^o/laaac/z^p  /oo  tLjpriusr) 

v=—-3/if  I 

___^__2_'  ()  Zl  %  OF  AZLOwASL£i^/OoK  S  A  32  P  : 

'  \  /  — •  O  f  l/\  ^  OK  \  ^Jooic  J 

/ (S>  PofiMAuz^o  ^  C  W7  %  OF  ^  lo(iic  \  A  Bo<Air 

/oo  /c  TFFVjrJ  iso  Vo  3oQiC.S  I 


POflMAUZ^O 
/Oo  /c  TMVjr 


(JS£  A  3^B  Boats 

/AfIPLT  /4  AA!  /^/A/\ufv^  pA-/z  LoAtO  'TPA/p/O/y^  OF  SC  k/zBoCT- 
(e.  5'.y  TofLOue  To  poou^r  /OOO  p-t-^) 

A/OTB  TPA'T'. 

AZlS  SlPofClUFAH.  DULTJ  Afie  about  '  AOAoe  S 
Ap^o  STflucTuAAL^  Boc^i  Afic  ABout  o-Aap/B  B 
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♦ 


PROJECT 


e»pfp-T  RBACTW/^  T/ZUSf  LO/WS, 
STRESS  JlES^^LTAfVTS  STRSJ/ES 


ItNSlON  4  MOMESVT  COMBIMAVOM- 
TEA'S /QM  ■'  . 

Tp-^'  1.301  K  / 

— - £ _ ®  @  / 

r.= 1.301  kI  4A'<‘^ 


7^  )OJ¥l^ 


(v=  IS-.K-) 


A/IOMEA/T: 

/ E *  'i xATmA 

Tm^- -  i.se^i  k 


^  "  /.  /5  ^  /< 

- - 1  &) 

'T'myi-lA3^  K 

Bolt  'jent/os^  due  to  t 

BoiT  Jo  M 


CHANC-a  //V  Bolt  syxTB^ 

L  OAO  Du£  To  'p^t/fT  Loat) 


15 

SyM/otSTfKT 

{CON\PReSSIlPAi) 


I.30Z 


(SPtNSlOfv) 


1.301 


J.  301  1.302 

-/.m  -1.13^ 


-  ,56'7  +0.16“} 


)^Uj.  05^, 


;.302  1.301 

1.08  ”7 


+  Z,4'36  +3.)’?/  K 


»A/i£a.  ’TO  MON  pMUMkO 


/AX  A/yy  S'olt  fyriBryy  (j^oA/f/fT/fy&  oa  a-  Bolt 
siyfinouf^o/A/o  MATeyLiA‘L)A  csn.TA/A/  Poa.T/o^  oa  r/re 
APBLjs/7  LoAB  //  CAT^n^eo  By  yttE  yc^nrioL/tuo/AALX 
/iAATBf^fAL  (A/OA/i//vAtL'y  %  To  Po  %  }Aa/o  THS 

/ZEMAypj/xefi.  (AXOMfNA^Ly  ioVo  yo  '^o^/oJ/J  Cam/bj^ 

By  tab  Bolt  nsBcA^  loao  pnTAiBuTfo*^  n  A 

Fi/AECT/OAf  OP  TH-e  /L£u^'rii/E  fr/PPA/SfP  BSTiMSSA^ 

T\a^o,  p^/i  £j)(A-AAfPLP^  /AT  A  Xa^BLl  Be//6'A/Pp  jypTSsot 

(//V  Tp€  ABfSATOe  OP  PAsv/A/Cr)  THE  Bolt  /TJElp  SMoUlo 
TAKsE  O/vcy  ABol/T  /O^/o  Op  TBE  VPPJAT/OA^Pl  L-OA/O.. 
{BE^AOE  op  Plpyft\/6  7hP^  CAs^  yVIACMPy  BOLT  LqatP/^C)^ 
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PROJECT 


TV  BP 


eiip.icrT  tXPANS/O/U  TU3£  LOADS. 
57PESS  AerUL-TAn/TI.  i'  S7riB!f£j 


BASIC  TUBE'.  {30^ OD  X  TS  wall) 

A-PBA  :  ~Tr(D-t)t)  V/BiC-ht  pen  ft. 

A'Tr(z<r.'7S).Z^=\23^'7  //v^='71  -|7*?.44*yv=  ^7 

OF  INBPVA'-  (l~  SecT/ON  mo  dolus 

=\z5e5.i  \bi5'-  1  ) 72.35' 


reaction  frame  LOA/OEAOa/s  :  [PA/R  op 
For  loR/y/A/c  I’H'E  i/eo.'l/CA'L  PL/4'f^e  : 


Xx  =  '2-^4=  AOS  //V^=X->c| 


-JoTFi^  ^ 

For  LOAOINO  JN  TAB  AoRlIONTAL  PLANE 


ly  =  l.^yy  -  AJ  '•I  ^ _ 

r 2]^/'3.3+ 7. 65'/'?']  =■ 

Total  VnoMTliwTJZ 


13 1  ^/F<  =  K 


N)oTe:  (j- 


uiAlL 


zioo  (vsev  i-oujJ 


More  TFFT  TFF  Avon/ ON  0J=^  'THFfe  LONCrSAoNr 
n  FO'T  flBAcuy  F^CESSArL-y,  TFE  /</  ''  In'ALL  P/PE 
/f  nsBLj=  Af?acpu/nE  n  ptlopea^  A^s^r/oi^f  c 
P/Hn  Tu  'T/^/i  parA/cf  op  t/pb  juPPoM-f^ 

Po  COMFLE 7E  CAL^Cula  7/0 ns  w!  7H  o  or  THESE  Lon OEaonj, 
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PROJECT 


SUBJECT 


TVBP 


E.'XPA/VS/OA/  TUI? a  UOAPJ 


STRESS  REJl^LTAf^ns  Ai^P  S / RE Sf^S 


W/A/D  LOAOINQ: 


y^lNO  yaLoajT: 


V'max  '  3^  -  ^4  APS 

RE  yt^OLOS  : 

p  -  P  V A  —  .0013'^^ (slu&j / Fp) y  AA(p&/rsc)>^  isift) 

M-  " _  3 '7-/4  (SLtycrf /Ptse<^) 

AT  THIS  flET^fOLOS  /VUf^EEn  THE  OP-ACr  CoE.P^f<Lt/Bf^T 

//  /A/  T/-&e  /VOTCH''  U/lCULJh/l  cyu^£>£/t:. 

THEriEPoR^  ys£  A  PR^C-  CO EAF^OSa^T  Or 


Cn^  .5  C-) 


(P/lACr  CoePP/C/E/vT) 


pRACr  FORCE  : 

F-  Co  £11^  I  zr  S  .D(9z39?x  44^(/2.5'x0=  2.&^  ^/pc 

_  X  I  X  ' 

p  -  3  '^/p't  i^yEfVi  pow  —  ASOOT  3-^  %  C?A  7M5 

-  OEAo  WBi LU^/^/a/C  J 

ABa/CE  Fo/l  TAE  WiNO  LOPPJAfO  Jorr  use  3.QVi» 
op  n~PE  PEPP  ' 

0  AoApJPO- 

•  STRESS  FES^lTPaats 

•  Stress  as 

AS  TH'B  CoP-/TJESR0a/c//OC  U//PP  JPOUCEo  /TE'*'*^ 
ACTJA/Cr  JP  OrUHOCrOA/Ac  PLAfy/SS. 


PROJECT  TVB/^ 


SUBJECT  LOAPS^ 


STBBSS  RaSL/LTAf^TS^  AA/G  STRaS/Sf 


^3/0 


CKD 


4- 


-0F_ 


f= 


CALCULAie  CRITICAL  BUCKL/A/G-  SJASS/  /NTui3£  wall 


ihv^)]K 


1 


CTc^-  /</<■ 


_  z%ooo  i.r^\  _  _  , 

(;-,59  n  i  15  )  ~  ^ 

°o  0I<  f S'  7//M5/  y/,£4/?  CA  3  6  OK  3  f 

’°  \Al/o\OST  QT/MSf  MAK  A-LLowAOUt.  J 


CALCULATE  7A£  OERiecj/OA/f  A-T  A^^OSAAfl/'. 


<-  S_ 

/£z  efi-r 
_  Z  c-  ^ 

-  V  >=x 


A/>;^  WL^I  ^ 

■2-  ff£X  yy 

_X?_ 

•7600  e-i: 


_  2  ^  ^8o//2.)  ^/y/./  (SOX/Z)  /^' 

'll  (,00  1 2  •>-/<?  ^  Vz-v’-*  ifg’S 


=r  034? 


.03  7  D£EL£<-7lo/o  (9  /inloSAA/o  PL/a  Tu  P£ao  Loao 

we/  Crf^T  . 
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PROJECT 


TV  BP 


£x/g/4<v'//gA'  Tvee  BOAOT 
STfiesi  /l&SVLTAVJ/  t  5m£ST£S 


S7/^£SS£S  AT 

r  _ /H  ^oooxiz  /-v^  , 

= - r7-z  ^.C3  Ku 


^2.7  p^c 
13  P5C 


G-flAViiy  LuAojf^Cr 
W/f^O  UOAOf/^C’ 


S7RBSSE!  AT  S^/^POfirs: 
fh'=^III^  PJ^'  ^/LAt^/ry  LoAO/^'Cr 

Wlf^O  L0A0lf^(r 

Si/AA/uiARy  OP  n fie  HRS  jn  rues z 

AT  MID  SPAM:  (p;<)  MrjofPoMrs. 


-(,2n 


+  IHA 


±23. 


Ao 


l4o 


+  627 


-lllA 
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DESIGN 

CALCULATIONS 


BY 0,  PATH 


SUBJECT  '/7 LI //aIf  SHEET  /  OF  S' 
■7\/fF/=~  nJ/tU-  JOB  NO./<«><S2? 
-srg^gg; 
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DESIGN 

CALCULATIONS 


mm 


BY__ 

CHK 


DATE 

DATE' 


SUBJECT 


SHEET  Z.  OF 


JOB  NO. 
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DESIGN 

CALCULATIONS 


mm 


BY__ 

CHK 


DATE 

DATE" 


SUBJECT 


SHEET__ 
JOB  NO. 


DESIGN 

CALCULATIONS 


mm 


BY__ 

CHK 


DATE 

DATE" 


SUBJECT 


SHEET_ 
JOB  NO. 


^  0,5- 


Intentionally  left  blank. 
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APPENDIX  B  HEAT  TRANSFER  MODELS 
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Intentionally  left  blank. 
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B.1  Heat  Loss  in  the  TVEF  Driver  Gas  Fill  Line 

Heat  transfer  to  the  fill  line  wall  was  modeled  in  the  same  manner  as  the 
Pebble  Bed  Heater  heat  transfer.  That  is,  two  simultaneous  ordinary 
differential  equations  are  solved  subject  to  appropriate  boundary  conditions. 
The  solution  is  available  in  Reference  B.1  in  tabular  form  (Figure  B.1)  in 
terms  of  the  nondimensional  temperature 

T  =  ~  ^ 

where  t,  is  the  fluid  temperature,  tg  is  the  ambient  temperature  and  t^  is  the 
inlet  fluid  temperature. 

The  nondimensional  distance 

I 

where  h  is  the  heat  transfer  coefficient,  is  the  pipe  wall  area,  rh  is  the 
fluid  mass  flow  rate  and  Cp,  is  the  fluid  specific  heat. 

The  nondimensional  time 

T1 

where  m^v  is  the  pipe  wall  mass  and  Cp^  is  the  pipe  wall  material  specific 
heat. 

The  necessary  parameters  are 


diameter 

0.038 

m 

wall  thickness 

0.005 

m 

steel  density 

7800 

kgm/m^ 

mass  flow 

1.6 

kgm/sec 

length 

30 

m 

h  A  ^  X 
mC^  L 
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Figure  B.1  Nondimensional  Fluid  Temperature 


Cpf  1050  J/kgm/K 

C  w  460  J/kgm/K 

Tj  650  K 

The  calculated  nondimensional  distance  at  the  driver  inlet  (where  we  care  the 
most  about  the  gas  temperature)  is  $  =  6.5.  Figure  B.2  plotted  from  Figure 
B.1  was  helpful  in  interpolating  values  of  T,. 

B.2  Heat  Loss  in  the  TVEF  Driver 

The  driver  gas  temperature  is  time  dependent  because  the  driver  is  being 
pressurized  (compression  heating),  because  thermal  energy  is  lost  to  the 
driver  wall  and  because  driver  gas  is  selectively  vented. 

Thermodynamic  Model 

The  driver  tube  is  an  open  thermodynamic  system  with  mass  entering  and 
leaving  thereby  adding  and  subtracting  enthalpy.  The  driver  walls  are  rigid 
so  no  work  is  done  by  the  system  but  thermal  energy  Is  lost  to  the  walls  by 
heat  transfer.  The  time  dependent  thermal  energy  in  the  system  is 

E  =  rfi/  h/  -  -  Q 

where  m  is  the  driver  gas  mass,  h  is  specific  enthalpy,  Q  is  thermal  energy 
transferred  to  the  wall,  the  subscripts  i  and  v  denote  flow  into  and  vented  out 
of  the  driver  respectively  and  the  dot  symbol  indicates  a  time  derivative. 

The  thermal  energy  in  the  system  at  any  time  t  is 

E  =  m  CyT 

where  Cy  is  the  gas  specific  heat  at  constant  volume.  The  enthalpy 

H  =  m  Cp  T 

where  Cp  is  the  gas  specific  heat  at  constant  pressure.  By  integrating  the 
mass  and  enthalpy  entering  and  leaving  the  system  over  time  and  averaging 
over  the  instantaneous  mass  in  the  system 


i 
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GRAPHICAL  INTERPOLATION 
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T=m-'[  mo  To  +  /^'[  Y  (  m,  T,  -  rii,  TJ  -  C/'  d]dt] 


where  y  is  the  ratio  of  specific  heats  and 

m  =  niQ  +  ( fill  -  m^)  dt 


The  driver  gas  pressure  is  obtained  from  the  perfect  gas  law. 


For  choked  flow  venting  through  a  constant  area  port  the  mass  flow  rate  out 


_P 

4t 


where 


+  r 


1" 


and  R  is  the  gas  constant. 


To  account  for  temperature  effects  on  the  gas  properties,  the  nitrogen  gas 
viscosity  and  conductivity  were  approximated  by 


l*.  (-jr) 

'a 


T  xO.75 


and 

k=  k^\^  +  0.0024  (7  -  300  )  ] 


Heat  Transfer  Model 

Heat  transfer  to  the  wall  is  dominated  by  free  convection;  complex  circulatory 
flow  fields  driven  by  buoyancy  provide  a  mechanism  for  establishing  a 
thermal  boundary  layer  next  to  the  wall.  In  this  work  a  steady  state  empirical 
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correlation  of  the  form 


Nus  =  A  Ra^ 

is  used  where  Nus  is  the  nondimensional  Nussult  number,  Ra  is  the 
nondimensionai  Rayleigh  number  and  the  geometry  dependent  coefficients 
A  and  B  are  historically  determined  from  test  data  (or  more  recentiy 
numerical  solutions  of  the  Navier  Stokes  equations).  Using  the  steady  state 
correlation  implies  that  the  driver  flowfield  adjusts  to  the  changing  driver  gas 
thermal  conditions  within  the  time  step  used  in  the  analysis. 

The  Rayleigh  number  is  the  ratio  of  the  gas  buoyancy  forces  to  viscous 
forces 


Ra  =  Aa  9^  Pr 

p 

where  g  is  the  acceleration  of  gravity,  p  is  the  average  gas  density,  Ap  is  the 
gas  density  gradient  at  the  wall,  D  is  the  driver  diameter,  v  is  kinematic 
viscosity  and  Pr  is  the  Prandtl  number. 

The  maximum  Rayleigh  number  occurs  at  the  peak  driver  gas  conditions  for 
which  the  normalized  density  gradient  is  about  1  and  the  kinematic  viscosity 
is  about  5.E-7  giving  a  Rayleigh  number  of  1.E12.  This  is  two  orders  of 
magnitude  beyond  the  range  of  any  substantiated  heat  transfer  data. 

The  nondimensional  Nussult  number  is 


where  h^  is  a  film  coefficient  and  k  is  the  thermal  conductivity  of  the  gas. 

Finally,  the  heat  transfer  rate  to  the  wall  is 

Q  =  he  (  T  -  Ty^) 

where  is  the  driver  wall  area  and  T  is  the  average  driver  gas  temperature. 
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No  heat  transfer  correlations  are  available  for  the  geometry  and  flow 
conditions  of  interest  (Reference  B.2).  In  order  to  make  engineering 
predictions  for  the  driver  filling  strategies,  it  was  assumed  that  the  driver 
cross  section  is  square  and  free  convection  heat  transfer  correlations  were 
examined  for  free  standing  walls  and  upward  and  downward  facing  flat 
plates  (Reference  B.3).  These  were  averaged  to  obtain  the  correlation 

Nus  =  0.1  Ra°-^ 

This  approach  will  be  less  accurate  as  time  progresses  and  the  flow  in  the 
driver  stratifies.  However,  the  driver  gas  cannot  be  allowed  to  cool 
substantially  so  the  approach  should  provide  reasonable  estimates  for  the 
allowable  deviations  from  design  conditions. 

Model  Validation 

Prior  to  recent  driver  filling  experiments  conducted  by  ARL  in  the  1  /6th  Scale 
Test  Bed,  suitable  test  data  simply  did  not  exist  to  validate  the  heated  driver 
gas  filling  model.  Early  test  data  from  the  shakedown  test  were  generously 
made  available  by  ARL  without  editing  or  caveating  for  comparison  with  the 
driver  filling  model;  subsequent  ARL  tests  will  benefit  from  improved  test 
procedures  so  the  present  comparison  should  not  be  viewed  as  the  final 
word. 

The  1  /6th  Scale  Test  Bed  driver  was  instrumented  with  3  thermocouples 
distributed  along  the  top  of  the  driver,  3  thermocouples  along  the  bottom  of 
the  driver,  a  rake  of  15  thermocouples  near  the  center  of  the  tube,  one 
thermocouple  at  the  gas  inlet  and  one  pressure  gauge;  the  liquid  nitrogen 
supply  rate  to  the  PBH  was  measured  with  a  turbine  flowmeter. 

Heated  gas  was  supplied  to  the  driver  by  the  PBH  at  a  variable  rate  starting 
with  0.25  kgm/sec  (5  GPM)  at  200  seconds,  increasing  to  1  kgm/sec  (20 
GPM)  at  325  seconds,  increasing  to  1 .35  kgm/sec  (27  GPM)  at  690  seconds 
and  ceasing  at  850  seconds.  An  0.025  m  (1  inch)  diameter  vent  valve  was 
initially  open  and  was  closed  at  500  seconds.  After  making  certain 
adjustments  to  the  test  data  (reducing  the  mass  flow  rate  by  15  percent  and 
delaying  the  rake  temperature  record  start  up  time  by  150  sec.),  a  model 
calculation  using  the  test  parameters  was  compared  to  the  measured  gas 
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temperature  (Figure  B.3). 

Model  calculations  provide  a  mass  averaged  temperature.  A  simple  average 
of  the  3  upper  and  3  lower  thermocouple  measurements  did  not  agree  well 
with  the  calculation.  On  the  other  hand,  temperature  measurements  from  a 
thermocouple  located  on  the  rake  centerline  agreed  very  well  with  the 
model  calculations  including  a  rapid  rise  to  peak  temperature.  It  was 
subsequently  learned  that  the  rake  thermocouples  have  a  much  faster 
response  time  (10  msec  compared  with  6  and  11  sec)  than  the  6 
thermocouples;  however,  it  is  difficult  to  imagine  that  difference  accounting 
for  discrepancies  at  times  on  the  order  of  100s  of  seconds  into  the  fill  cycle. 
It  is  important  to  note  that  once  the  gas  supply  is  shut  off,  the  model  does 
an  excellent  job  of  calculating  the  driver  gas  cooling.  The  temperature 
record  from  the  rake  centerline  is  chosen  as  representative. 
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Figure  B.3  Comparison  of  Model  with  Eariy  Test  Results 


ADDENDUM  TO  APPENDIX  B 


The  simultaneous  first  order  differential  equations  governing  the  heat  transfer 
in  the  fill  pipe  are: 


dT, 


=  Trr,  - 


Tf 


dT 


m 


dr\ 


where  is  the  pipe  material  (wall)  temperature.  The  boundary  conditions 
are: 


5  =  0  T,  =  1  T„  =  1  -  e  " 

T1  =  0  T„  =  0 

These  equations  can  be  evaluated  at  any  distance  x  along  a  pipe  of  length 
L.  Of  most  interest  is  the  end  of  the  pipe  where  x/L  =  1 .  For  the  present 
TVEF  peak  driver  fill  conditions,  the  heat  transfer  coefficient  h  =  4004 
Watts/m  V°K. 
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CEWES  TL  TECH  LIBRARY 
PO  BOX  631 

VICKSBURG  MS  39180-0631 

1  COMMANDER 

US  ARMY  ENGINEER  DIVISION 
ATTNHNDEDFD 
PO  BOX  1500 
HUNTSVILLE  AL  35807 


3  COMMANDER 

US  ARMY  NUCLEAR  &  CHEMICAL  AGENCY 
7150  HELLER  LOOP  SUITE  101 
SPRINGFIELD  VA  22150-3198 

1  COMMANDER 

US  ARMY  CORPS  OF  ENGINEERS 
FT  WORTH  DISTRICT 
ATTN  CESWF  PM  J 
PO  BOX  17300 

FT  WORTH  TEXAS  76102-0300 

1  DIRECTOR 

TRAC  ELVN 
ATTN  ATRC 

FT  LEAVENWORTH  KS  66027-5200 

1  COMMANDER 

US  ARMY  RESEARCH  OFFICE 
ATTN  SLCRO  D 
PO  BOX  12211 

RESEARCH  TRIANGLE  PARK  NC  27709-2211 
1  COMMANDER 

NAVAL  ELECTRONIC  SYSTEMS  COMMAND 
ATTNPME  117  21 A 
WASHINGTON  DC  20360 

1  DIRECTOR 
HQ  TRAC  RPD 

ATTN  ATRC  RPR  RADDA 
FT  MONROE  VA  23651-5143 

2  OFFICE  OF  NAVAL  RESEARCH 
ATTN  DR  A  FAULSTICK  CODE  23 
800  N  QUINCY  STREET 
ARLINGTON  VA  22217 

1  DIRECTOR 

TRAC  WSMR 
ATTN  ATRC  WC  KIRBY 
WSMR  NM  88002-5502 

1  COMMANDER 

NAVAL  SEA  SYSTEMS  COMMAND 
ATTN  CODE  SEA  62R 
DEPARTMENT  OF  THE  NAVY 
WASHINGTON  DC  20362-5101 
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1  COMMANDER 
US  ARMY  WSMR 

ATTN  STEWS  NED  DR  MEASON 
WSMR  NM  88002-5158 

2  CHIEF  OF  NAVAL  OPERATIONS 
DEPARTMENT  OF  THE  NAVY 
ATTN  OP  03EG 

OP985F 

WASHINGTON  DC  20350 

1  COMMANDER 

DAVID  TAYLOR  RESEARCH  CENTER 
ATTN  CODE  522  TECH  INFO  CTR 
BETHESDAMD  20084-5000 

1  OFHCER  IN  CHARGE  CODE  L3 1 

CIVIL  ENGINEERING  LABORATORY 
NAVAL  CONSTRUCTION  BATTALION  CTR 
ATTN  TECHNICAL  LIBRARY 
PORT  HUENEME  CA  93041 

1  COMMANDING  OFFICER 

WHITE  OAK  WARFARE  CENTER 
ATTN  CODE  WA501  NNPO 
SILVER  SPRING  MD  20902-5000 

1  COMMANDER  CODE  533 

NAVAL  WEAPONS  CENTER 
ATTN  TECHNICAL  LIBRARY 
CHINA  LAKE  CA  93555^1 

1  COMMANDER 

DAHLGREN  DIVISION 
NAVAL  SURFACE  WARFARE  CENTER 
ATTN  CODE  E23  LIBRARY 
DAHLGREN  VA  22448-5000 

1  COMMANDER 

NAVAL  RESEARCH  LABORATORY 
ATTN  CODE  2027  TECHNICAL  LIBRARY 
WASHINGTON  DC  20375 

1  OFHCER  IN  CHARGE 

WHITE  OAK  WARFARE  CTR  DETACHMENT 
ATTN  CODE  E232  TECHNICAL  LIBRARY 
10901  NEW  HAMPSHIRE  AVENUE 
SILVER  SPRING  MD  20903-5000 

1  ALLSCF 

ATTN  J  LEVINE 

EDWARDS  AFB  CA  93523-5000 


1  COMMANDER 

NAVAL  WEAPONS  EVALUATION  FAC 
ATTN  DOCUMENT  CONTROL 
KIRTLAND  AFB  NM  87117 

1  RADC  EMTLD  DOCUMENT  LIBRARY 

GRIFHSS  AFB  NY  13441 

1  AEDC 

ATTN  R  MCAMIS 
MAIL  STOP  980 
ARNOLD  AFB  TN  37389 

1  AFESC  RDCS 

ATTN  PAUL  ROSENGREN 
TYNDALL  AFB  FL  32403 

1  OLAC  PL  TSTL 

ATTN  D  SmPLETT 
EDWARDS  AFB  CA  93523-5000 

1  AFTTENY 

ATTN  LTC  HASEN  PHD 

WRIGHT  PATTERSON  AFB  OH  45433-6583 

2  AIR  FORCE  ARMAMENT  LABORATORY 

ATTN  AFATL  DOIL 

AFATL  DLYV 

EGLIN  AFB  FL  32542-5000 

1  DIRECTOR 

IDAHO  NATIONAL  ENGINEERING  LAB 
ATTN  SPEC  PROGRAMS  J  PATTON 
2151  NORTH  BLVD  MS  2802 
IDAHO  FALLS  ID  83415 

3  PHILLIPS  LABORATORY  AFWL 
ATTN  NTE 

NTED 

NTES 

KIRTLAND  AFB  NM  87117-6008 
1  DIRECTOR 

LAWRENCE  LIVERMORE  NATIONAL  LAB 
ATTN  TECH  INFO  DEPT  L  3 
PO  BOX  808 
LIVERMORE  CA  94550 

1  AFIT 

ATTN  TECHNICAL  LIBRARY 
BLDG  640  B 

WRIGHT  PATTERSON  AFB  OH  45433 
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1  DIRECTOR 

NATIONAL  AERONAUTICS  &  SPACE  ADMIN 
ATTN  SCmNTinC  &  TECH  INFO  FAC 
PO  BOX  8757  BWI  AIRPORT 
BALTIMORE  MD  21240 

1  FID  Nns 

WRIGHT  PATTERSON  AFB  OH  45433 

3  KAMAN  SCIENCES  CORPORATION 
ATTN  LIBRARY 

PA  ELLIS 
FH  SHELTON 
PO  BOX  7463 

COLORADO  SPRINGS  CO  80933-7463 

4  DIRECTOR 

IDAHO  NATIONAL  ENGINEERING  LAB 

EG&G  IDAHO  INC 

ATTN  R  GUENZLER  MS  3505 

R  HOLMAN  MS  3510 

R  A  BERRY 

W  CREED 

PO  BOX  1625 

IDAHO  FALLS  ID  83415 

5  DIRECTOR 

SANDIA  NATIONAL  LABS 
ATTN  DOC  CONTROL  3141 
C  CAMERON  DIV  6215 
ACHABAI  DIV  7112 
D  GARDNER  DIV  1421 
J  MCGLAUN  DIV  1541 
PO  BOX  5800 

ALBUQUERQUE  NM  87185-5800 

2  DIRECTOR 

LOS  ALAMOS  NATIONAL  LABORATORY 

ATTN  TH  DOWLER  MS  F602 

DOC  CONTROL  FOR  REPORTS  LIBRARY 

PO  BOX  1663 

LOS  ALAMOS  NM  87545 

1  BLACK  &  VEATCH  ENGINEERS 

ARCHITECTS 
ATTN  HD  LAVERENTZ 
1500  MEADOW  LAKE  PARKWAY 
KANSAS  CITY  MO  641 14 


1  DIRECTOR 

SANDIA  NATIONAL  LABORATORIES 
LIVERMORE  LABORATORY 
ATTN  DOC  CONTROL  FOR  TECH  LIB 
PO  BOX  969 
LIVERMORE  CA  94550 

1  DIRECTOR 

NASA  AMES  RESEARCH  CENTER 
APPLIED  COMPUTATIONAL  AERO  BRANCH 
ATTN  DR  T  HOLTZ  MS  202  14 
MOFFETT  FIELD  CA  94035 

1  DIRECTOR 

NASA  LANGLEY  RESEARCH  CENTER 
ATTN  TECHNICAL  LIBRARY 
HAMPTON  VA  23665 

2  APPLIED  RESEARCH  ASSOCIATES  INC 
ATTN  J  KEEFER 

NH  ETHRIDGE 
PO  BOX  548 
ABERDEEN  MD  21001 

1  ADA  TECHNOLOGIES  INC 

ATTN  JAMES  R  BUTZ 
HONEYWELL  CENTER  SUITE  110 
304  INVERNESS  WAY  SOUTH 
ENGLEWOOD  CO  80112 

1  ALLIANT  TECHSYSTEMS  INC 

ATTN  ROGER  A  RAUSCH  MN48  3700 
7225  NORTHLAND  DRIVE 
BROOKLYN  PARK  MN  55428 

1  CARPENTER  RESEARCH  CORPORATION 

ATTN  H  JERRY  CARPENTER 
27520  HAWTHORNE  BLVD  SUITE  263 
PO  BOX  2490 

ROLLING  HILLS  ESTATES  CA  90274 

1  AEROSPACE  CORPORATION 

ATTN  TECH  INFO  SERVICES 
PO  BOX  92957 
LOS  ANGELES  CA  90009 

1  GOODYEAR  CORPORATION 

ATTN  RM  BROWN  BLDG  1 
SHELTER  ENGINEERING 
LITCHFIELD  PARK  AZ  85340 
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1  THE  BOEING  COMPANY 
ATTN  AEROSPACE  LIBRARY 
PO  BOX  3707 

SEATTLE  WA  98124 

2  FMC  CORPORATION 
ADVANCED  SYSTEMS  CENTER 
ATTN  J  DROTLEFF 

C  KREBS  MDP  95 
BOX  58123 

2890  DE  LA  CRUZ  BLVD 
SANTA  CLARA  CA  95052 

1  CALIFORNIA  RES  &  TECH  INC 

ATTN  M  ROSENBLATT 
20943  DEVONSHIRE  STREET 
CHATSWORTHCA  91311 

1  SVERDRUP  TECHNOLOGY  INC 
SVERDRUP  CORPORATION  AEDC 
ATTN  BD  HEIKKINEN 

MS  900 

ARNOLD  AFBTN  37389-9998 

2  DYNAMICS  TECHNOLOGY  INC 
ATTN  D  T  HOVE 

G  P  MASON 

21311  HAWTHORNE  BLVD  SUITE  300 
TORRANCE  CA  90503 

1  KTECH  CORPORATION 

ATTN  DR  E  GAFFNEY 
901  PENNSYLVANIA  AVE  NE 
ALBUQUERQUE  NM  87111 

1  EATON  CORPORATION 
DEFENSE  VALVE  &  ACTUATOR  DIV 
ATTN  J  WADA 

2338  ALASKA  AVE 
ELSEGUNDOCA  90245^896 

2  MCDONNELL  DOUGLAS  ASTRONAUTICS 

CORP 

ATTN  ROBERT  W  HALPRIN 
KA  HEINLY 
5301  BOLSA  AVENUE 
HUNTINGTON  BEACH  CA  92647 


4  KAMAN  AVIDYNE 

ATTN  R  RUETENIK  2  CP 
S  CRISCIONE 
R  MILLIGAN 
83  SECOND  AVENUE 
NORTHWEST  INDUSTRIAL  PARK 
BURLINGTON  MA  01830 

1  MDA  ENGINEERING  INC 
ATTN  DR  DALE  ANDERSON 
500  EAST  BORDER  STREET 
SUITE  401 

ARLINGTON  TX  07601 

2  PHYSICS  INTERNATIONAL  CORPORATION 
PO  BOX  5010 

SAN  LEANDRO  CA  94577-0599 

2  KAMAN  SCIENCES  CORPORATION 
ATTN  DASIAC 
PO  DRAWER  1479 
816  STATE  STREET 
SANTA  BARBARA  CA  93102-1479 

1  R&D  ASSOCIATES 

ATTN  GP  GANONG 
PO  BOX  9377 

ALBUQUERQUE  NM  87119 

1  LOCKHEED  MISSILES  &  SPACE  CO 
ATTN  J  J  MURPHY 

DEPT  81  11  BLDG  154 
PO  BOX  504 
SUNNYVALE  CA  94086 

2  SCIENCE  CENTER 

ROCKWELL  INTERNATIONAL  CORP 
ATTN  DR  S  CHAKRA VARTHY 
DR  D  OTA 

1049  CAMINO  DOS  RIOS 
THOUSAND  OAKS  CA  91358 

1  ORLANDO  TECHNOLOGY  INC 

ATTN  D  MATUSKA 
60  SECOND  STREET  BLDG  5 
SHALIMARFL  32579 
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3  S  CUBED 

A  DIVISION  OF  MAXWELL  LABS  INC 

ATTN  TECHNICAL  LIBRARY 

RDUFF 

KPYATT 

PO  BOX  1620 

LA  JOLLA  CA  92037-1620 

2  THE  RALPH  M  PARSONS  COMPANY 
ATTN  T  M  JACKSON 
LB  TS  PROJECT  MANAGER 
100  WEST  WALNUT  STREET 
PASADENA  CA  91124 

1  SAIC 

ATTN  J  GUEST 

2301  YALE  BLVD  SE  SUITE  E 

ALBUQUERQUE  NM  87106 

1  SUNBURST  RECOVERY  INC 

ATTN  DR  C  YOUNG 
PO  BOX  2129 

STEAMBOAT  SPRINGS  CO  80477 

1  SAIC 

ATTNNSINHA 

501  OFHCE  CENTER  DRIVE  APT  420 
FT  WASHINGTON  PA  19034-3211 

1  SVERDRUP  TECHNOLOGY  INC 
ATTN  RF  STARR 

PO  BOX  884 

TULLAHOMATN  37388 

2  S  CUBED 

A  DIVISION  OF  MAXWELL  LABS  INC 
ATTN  C  E  NEEDHAM 
L  KENNEDY 
2501  YALE  BLVD  SE 
ALBUQUERQUE  NM  87106 

3  SRI  INTERNATIONAL 
ATTN  DR  GR  ABRAHAMSON 
DR  J  GRAN 

DR  B  HOLMES 

333  RAVENWOOD  AVENUE 

MENLO  PARK  CA  94025 


1  TRW 

BALLISTIC  MISSILE  DIVISION 
ATTN  H  KORMAN 
MAIL  STATION  526  614 
PO  BOX  1310 

SAN  BERNADINO  CA  92402 

1  BATTELLE 

TWSTIAC 
505  KING  AVENUE 
COLUMBUS  OH  43201-2693 

1  THERMAL  SCIENCE  INC 
ATTN  R  FELDMAN 
2200  CASSENS  DRIVE 
ST  LOUIS  MO  63026 

2  DENVER  RESEARCH  INSTITUTE 
ATTN  J  WISOTSKI 
TECHNICAL  LIBRARY 

PO  BOX  10758 
DENVER  CO  80210 

1  STATE  UNIVERSITY  OF  NEW  YORK 
MECHANICAL  &  AEROSPACE  ENGINEERING 
ATTN  DR  PEYMAN  GIVI 

BUFFALO  NY  14260 

2  UNIVERSITY  OF  MARYLAND 
DESTITUTE  FOR  ADV  COMPUTER  STUDIES 
ATTN  L  DAVIS 

G  SOBIESKI 

COLLEGE  PARK  MD  20742 

2  THINKING  MACHINES  CORPORATION 

ATTN  G  SABOT 
RFERREL 
245  FIRST  STREET 
CAMBRIDGE  MA  02142-1264 

1  NORTHROP  UNIVERSITY 

ATTN  DR  FB  SAFFORD 
5800  W  ARBOR  VITAE  STREET 
LOS  ANGELES  CA  90045 

1  CALIFORNIA  INSTITUTE  OF  TECHNOLOGY 

ATTN  T  J  AHRENS 
1201  E  CALIFORNIA  BLVD 
PASADENA  CA  91109 
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1  STANFORD  UNIVERSITY 
ATTN  DR  D  BERSHADER 
DURAND  LABORATORY 
STANFORD  CA  94305 

1  UNIVERSITY  OF  MINNESOTA 
ARMY  HIGH  PERF  COMP  RES  CTR 
ATTN  DR  TAYFUN  E  TEZDUYAR 
1100  WASHINGTON  AVE  SOUTH 
MINNEAPOLIS  MN  55415 

3  SOUTHWEST  RESEARCH  INSTITUTE 

ATTN  DR  C  ANDERSON 
S  MULLIN 
A  B  WENZEL 
PO  DRAWER  28255 
SAN  ANTONIO  TX  78228-0255 

2  COMMANDER 
US  ARMY  NRDEC 

ATTN  SSCNC  YSD  J  ROACH 
SSCNC  WST  A  MURPHY 
KANSAS  STREET 
NATICK  MA  10760-5018 


ABERDEEN  PROVING  GROUND 

1  CDR  USATECOM 

ATTN  AMSTE  TE  F  L  TELETSKI 

1  CDR  USATHAMA 

ATTN  AMSTH  TE 

1  CDR  USATC 

ATTN  STEC  LI 

26  DIR  USARL 

ATTN  AMSRL  SC  C  H  BREAUX 
AMSRL  SC  CC 
C  NIETUBICZ 
C  ELLIS 
D  HISLEY 
N  PATEL 
T  KENDALL 
R  SHEROKE 
AMSRL  SC  I  W  STUREK 
AMSRL  SC  AE  M  COLEMAN 
AMSRL  SC  S  R  PEARSON 
AMSRL  SL  CM  E  RORVANTE 
AMSRL  WT  N  J  INGRAM 
AMSRL  WT  NA  R  KEHS 
AMSRL  WT  NC 
R  LOTTERO 
B  MCGUIRE 
AMIHALCIN 
P  MULLER 
R  LOUCKS 
S  SCHRAML 

AMSRL  WT  ND  J  MILETTA 
AMSRL  WT  NF  L  JASPER 
AMSRL  WT  NG  T  OLDHAM 
AMSRL  WT  NH  J  CORRIGAN 
AMSRL  WT  PB 
P  WEIHNACHT 
B  GUIDOS 

AMSRL  WT  TC  K  KIMSEY 


USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it  publishes.  Your  comments/answers 
to  the  items/questions  below  will  aid  us  in  our  efforts. 

1.  ARL  Report  Number  ARL-CR-229 _ Date  of  Report  June  1995 _ 

2.  Date  Report  Received _ _ _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest  for  which  the  report 

will  be  used.)  _ _ 


4.  Specifically,  how  is  the  report  being  used?  (Information  source,  design  data,  procedure,  source  of  ideas,  etc.) 


5.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars  saved,  operating  costs 
avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate. _ 


6.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports?  (Indicate  changes  to 
organization,  technical  content,  format,  etc.) _ 


Organization 


CURRENT  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State,  Zip  Code 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  Current  or  Correct  address  above  and  the 
Old  or  Incorrect  address  below. 


Organization 


OLD  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State,  Zip  Code 
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